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PERFECT CUTS 


with the New Portable 
Oxweld Secator 






PRODUCT OF A UNIT OF 


igs 


UNION CARBIDE ANO 
CARBON CORPORATION 


Pick up the Oxweld Secator, the newest de- 
velopment in oxy-acetylene cutting machines, 
and put it to work wherever hand cutting is 
too slow and machine cutting with a stationary 
cutting machine is impracticable. It weighs 
only 43 pounds, yet at the touch of a button 
it cuts with such amazing precision that for 
many purposes no machining is required. 

A specially designed oxy-acetylene cutting 
blowpipe, mounted on an electrically driven, 
air-cooled, dust-proof chassis is an integral 
part of the Oxweld Secator. It has a direct 
drive and runs on an angle iron track for 
automatic straight-line cutting. It may be set 
to cut bevels up to a 45 degree angle and a 
radius rod with center point is furnished for 
automatic circle-cutting. For cutting shapes it 
is guided by a hand grip. 

The Oxweld Secator combines the port- 
ability and simplicity of a hand operated blow- 
pipe with machine precision and speed. It is 
indispensable equipment in plate shops, steel 
foundries, shipyards, metal fabricating plants 
and wherever the machine must be brought 


to the job and put into operation quickly. Its 
low price puts it within the reach of every 


organization. Address inquiries to the nearest 
Linde District Office. 











OXWELD SECATOR : type CM-5 


Operates on 110 or 220 volt d.c. or a.c., 25 or 60 cycles... . Rheostat 
governs motor speed and a speedometer indicates cutting speed in inches 
per minute... . Electric switch starts the machine and turns on the 
cutting oxygen simultaneously . . . . Blowpipe can be adjusted 3 in. 
laterally and 4 in. vertically. It can be inclined laterally in either direc- 
tion up to a maximum angle of 45 deg. for beveling . . . . Ventilator fan, 
mounted on motor shaft, cools all enclosed parts. 
Chassis protects working parts against dust, sparks, 
and molten metal. 


Send for This New Booklet 


A new booklet describing the Oxweld Secator and 
three other new Oxweld Cutting Machines is now 
being printed. A request on your business letter- 
head addressed to the nearest Linde District Office 
will bring it to you as soon as it is off the press. 
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New Members—March 1934 


Class “‘B”’ 


W. B. Chapman—E. M. F. Electric Co. 
Pty. Ltd., 1005 Rathdown St., North 
Carlton, Melbourne, Australia. Proposed 
by W. Spraragen. 

James L. Edwards—H. G. Balcom, 10 
E. 47th St., N. ¥.C. Proposed by Milton 
Male. 

G. O. Hoglund—Aluminum Co. of 
America, New Kensington, Pa. Proposed 
by F. M. Bernard. 

J. P. Jackson—Athro Co., The Hayes 
Lye, Stourbridge, Worcestershire. 

H. G. Marsh—Carnegie Steel Com- 
pany, Pittsburgh, Pa. Proposed by F. M. 
Bernard. 


Class ‘‘C’’ 


H. N. Boetcher—Consolidated Gas 
Electric Light & Power Co., Baltimore, 
Md. Proposed by W. Spraragen. 

J. P. Ganguisch—Pittsburgh Tube Co., 
Pittsburgh, Pa. Proposed by Member- 
ship Committee. 

Gordon G. Goodwin, Tropical Oil Co., 
Colombia, S. A. 

LaMotte Grover, State Highway Com- 
mission of Kansas, Topeka, Kansas. Pro- 
posed by Membership Committee. 

Ira T. Hook—The American Brass Co., 
Ansonia, Conn. Proposed by Member- 
ship Committee. 

R. P. Kelley-—The Timken Roller Bear- 
ing Co., Canton, Ohio. Proposed by 
Membership Committee. 


G. Elkins Knable—Carnegie Steel Co., 
Pittsburgh, Pa. Proposed by F. T. 
Liewellyn. 

Jack Largent—MOP Lines, Houston, 
Texas. Proposed by Membership Com- 
mittee. 

A. Lucas—A. Lucas & Sons, Peoria, 
Ill. Proposed by Membership Commit- 
tee. 

H. E. May—lIllinois Central Railroad, 
Chicago, Illinois. Proposed by Member- 
ship Committee. 

S. M. McManus—Muskogee Iron 
Works, Muskogee, Okla. Proposed by 
Membership Committee. 

D. A. Mower—Mechanic Arts High 
School, Boston, Mass. Proposed by 
L. F. Jackson. 

A. H. Pendlebury—Worthington Pump 
& Machinery Corp., Harrison, N. J. 

M. W. Posey—Lancaster Iron Works, 
Lancaster, Pa. Proposed by Membership 
Committee. 

A. G. Sprague—Sprague Service & 
Supply Co. 276-78 Davidson Ave., Perth 
Amboy, N. J. Proposed by S. C. Lum. 

Richard W. Sternke—Lakeside Bridge 
& Steel Co., Milwaukee, Wis. Proposed 
by K. B. MacKenzie. 

B. M. Walsh—Boston & Maine Rail- 
road, Springfield, Mass. Proposed by 
H. N. Ewertz. 

George W. Warner—Armco Interna- 
tional Corp., Middletown, Ohio. Pro- 
posed by A. F. Davis. 

L. K. Whitcomb—Carnegie Steel Co., 
Cleveland, Ohio. Proposed by A. F. 
Davis. 





FIFTEENTH ANNUAL MEETING 


C. Delbridge—Air Reduction Sales 
Co., Upham Crs., Boston, Mass. Pro- 
posed by F. E. Rogers. 

M. M. Weist—Air Reduction Sales 
Co., Chicago, Illinois. Proposed by F. E. 
Rogers. 

C. M. Hendry—Air Reduction Sales 
Co., Cleveland, Ohio. Proposed by F. E. 
Rogers. 

H. R. Salisbury—-Air Reduction Sales 
Co., Philadelphia, Pa. Proposed by F. E. 
Rogers. 

H. F. Henriques—Air Reduction Sales 
Co., Cleveland, Ohio. Proposed by F. E. 
Rogers. 

C. H. Adams—Air Reduction Sales Co., 
Philadelphia, Pa. Proposed by F. E. 
Rogers. 

J. J. Lincoln—Air Reduction Sales Co., 
Pittsburgh, Pa. Proposed by F. E. 
Rogers. 

G. M. McBride—Air Reduction Sales 
Co., Seattle, Washington. Proposed by 
F. E. Rogers. 


“Class D”’ 


E. D. Anderson—The Lincoln Electric 
Co., Cleveland, Ohio. Proposed by A. F. 
Davis. 

E. J. Drovillard—Chevrolet Motor Co., 
Detroit, Mich. Proposed by Wm. M. 
Hayes. 

Howard J. Edelman—Nazareth Steel 
Fabricators, Nazareth, Pa. Proposed by 
Membership Committee. 

N. R. Patterson—Patterson Steel Com- 
pany, Tulsa, Oklahoma. Proposed by 
Membership Committee. 


Building Officials’ Conference 


The Building Officials’ Conference of 
America and the New England Building 
Officials’ Conference will hold a joint 
convention in Boston, Massachusetts 
during the week starting April 23, 1934. 


(Continued on page 3) 


Afternoon 





OF THE 
AMERICAN WELDING SOCIETY 
APRIL 26, 1934 


Important Notice 


Members and their guests are requested to register. All sessions 
start promptly as scheduled. 


Thursday, April 26th 
Morning 
REGISTRATION 


11:00 A.M. Business py eg Societies Build- 
ing, 33 West 39th Street, New York, Room 3, 5th 
floor—President F. P. McKibben, presiding. 


PROGRAM 


Report on Society Activities by President McKibben. 
Tellers’ Report on Election of Officers. 
Other Business—Discussion. 


2:00 P.M. Meetings of American Bureau of Welding 
and Structural Steel Welding Committee, 
Engineering Societies Building, 33 West 39th 
Street, New York, Room 3, 5th floor. 


AMERICAN BuREAU OF WELDING—C. A. Adams, Director, Presiding 


PROGRAM 
Reports of Committees. 
Election of Officers. 
Proposed new Research Work. 


STRUCTURAL STEEL WELDING COMMITTEE, 
L. S. Moisseiff, Chairman, Presiding 


Proposed program of seat angles ard beam connections will be 
presented by Professor Inge Lyse of Lehigh University and 
his assistant. The results of pilot tests in connection with 
this program will be presented with the aid of lantern slides. 


Evening 
6:30 P.M. Meeting Board of Directors—Hotel New Yorker, 
Parlor E, 8th Ave. and 34th Street, New York. 
Dinner (subscription price $2.00) followed by 
meeting—F. P. McKibben, presiding. 


PROGRAM 
Review of Society activities. 
Unfinished Business. 
Introduction of new President. 
Appointment of Officers and Committees. 
Plans for coming year. 
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(Continued from page 2) 
This meeting will be the largest meeting 
of building officials ever held, both in the 
number in attendance and in the territory 
represented by them. 

At this meeting topics of vital interest 
to every one connected with the building 
industry will be expounded and discussed. 
Some of the topics tentatively arranged 
are as follows: “The P.W.A. and Its 
Effects on the Building Industry,’’ ‘‘The 
C.W.A. and Its Effects on the Building 
Industry,” ‘‘Proper Building Construc- 
tion,’’ “‘Duties of Building Officials and 
Importance of Building Departments,” 
“The Housing Problem in America,’ 


“A Résumé of Building Conditions and 
Prices during the Past 3 Years.’”’ These 
topics will be expounded by leading 
authorities. There will also be discussion 
on ‘“‘New Materials, New Design and New 
Methods of Building Construction.”’ 


Are Welding Construction 


Westinghouse Electric & Manufacturing 
Company has issued an Arc Welding Data 
Bulletin No. 18 which describes the bene- 
fits of arc-welded constructions and gives 
numerous examples. 


(Continued on page 33) 








SECTION ACTIVITIES 








BOSTON 


About 350 members and guests attended 
the March 16th meeting of the Boston 
Section, held at the plant of the Austin- 
Hastings Company, Cambridge. The 
program consisted of motion pictures on 
machine tool operations, demonstrations 
of the Raytheon arc welding machine 
and demonstrations of metallizing. Re- 
freshments were served at the conclusion 
of the meeting. 


CHICAGO 


The March meeting of the Chicago 
Section was held on March 23rd at the 
Bismarck Hotel, Chicago. The speakers 
were: Mr. E. L. Quinn of the American 
Manganese Steel Company, who spoke 
on the subject of “‘Successful Manganese 
Steel Welding,” and Mr. Jules Muller 
of the Hollup Corporation who spoke on 
“Selection of Correct Electrodes for 
Different Welding Jobs.” 


CLEVELAND 


The regular monthly meeting of the 
Cleveland Section was held on March 
14th at the Cleveland Engineering So- 
ciety. The speaker of the evening was 
Mr. A. M. Candy of the Westinghouse 
Electric & Manufacturing Company, 
whose subject was ‘““‘Welded Mechanical 
Equipment Built by Westinghouse.” Mr. 
Candy spoke on the welded equipment 
built by Westinghouse and particularly 
of the welded thirty-foot diameter intake 
valves for the Boulder Dam. The address 
was illustrated with lantern slides of 
welding equipment fabricated in the 
Westinghouse plant. 


DETROIT 


A meeting of the nominating committee 
of the Detroit Section was held on Mon- 
day, March 5th. The following officers 
and members of the Executive Committee 
for 1934-1935 were elected: 

Chairman, R. P. Bailey, General 
Electric Company 

Vice-Chairman, W. M. Hayes, Air 
Reduction Company 

Secretary-Treasurer, Jos. Matte, Jr., 
Albert Kahn, Inc. 

Member of Executive Committee, W. 
H. Simmons, Welding Sales & Engrg. Co. 
and P, W. Fassler, Fisher Body Corp. 


LOS ANGELES 


The regular meeting of the Los Angeles 
Section was held at Cole’s Cafeteria in 
Huntington Park, Thursday, February 
15th. 

Mr. W. T. Wheeling, public accountant, 
spoke on “Modern Accounting for 
Modern Welding Shops.” Mr. Wheeling 
gave a very interesting talk on job shop 
welding costs and went thoroughly into 
different items of costs and overhead. His 
comments on figuring portable welding 
costs and depreciation on this equipment 
were very interesting. 

Mr. Burt, in charge of engineering and 
manufacturing at Baker Oil Tools, Inc., 
was the next speaker. His subject was 
“Welding Costs and Overhead in Oil 
Field Equipment Shops.’’ Mr. Burt’s 
paper was very thorough and dealt with 
the many variables that enter into welding 
costs. 


NEW YORK 


A lecture on Recent Developments in 
the Welding and Cutting of Metals will be 
presented at the Joint Meeting of the 
New York Chapter, American Society for 
Metals and New York Section, AMERICAN 
WELDING Socrety, on Monday, April 23rd 
at 8:00 P.M., Room 502, Engineering 
Societies Building, 33 West 39th Street. 
Mr. James Lee, Managing Editor of 
Chemical and Metallurgical Engineering, 
will be the speaker. 

The final meeting of the 1933-1934 sea- 
son will be held on May 8th at 8:00 P.M. 
in Room 502, Engineering Societies Build- 
ing. The meeting will be devoted to the 


subject of reconstruction and repair of steel 
structures by welding 


PHILADELPHIA 


At the March meeting held on the 19th 
a talk on ‘“‘Reclamation in the Automotive 
Field” was presented by Mr. S. C. Clark, 
Technical Publicity Department, Linde 
Air Products Company. 

The following officers were elected: 

Chairman, A. G. Desch, Oxweld Acety- 
lene Company. 

Vice-Chairman, W. F. Carson, Carson & 
Carson. 

Treasurer, R. D. Thomas, R. D. 
Thomas & Company. 

Secretary, H. E. 
Thomas & Company. 

Section Member on National Board of 
Directors, R. D. Thomas. 

At the April (Annual) Meeting a paper 
by Dr. T. Holland Nelson, Consulting 
Metallurgist and Engineer, will be pre- 
sented on “Welding of Stainless Steel.”’ 

There will be no May meeting this year. 
PITTSBURGH 


A full house attended the March 2Ist 
meeting of the Pittsburgh Section to hear 
Mr. W. D. Halsey of the Boiler Division 
of the Hartford Steam Boiler Inspection 
and Insurance Company, discuss the 
“Attitude of Insurance Companies toward 
Welded Pressure Vessels.”’ 

By the interest manifested by those 
present, drawn from practically all of the 
industrial plants in this district, insurance 
companies, engineers and others, it was 
evident that the subject was of more than 
ordinary importance. 

The detailed manner in which Mr. 
Halsey presented his discussion, using 
slides to illustrate his talk, clearly demon- 
strated the position of insurance companies 
with relation to the art of welding 

Following his talk Mr. Halsey discussed 
informally many points brought up by 
those present and also showed samples 
of welds he had brought with him. 


SAN FRANCISCO 


The San Francisco Section held its 
March meeting on the 23rd at the Athens 
Club at Oakland. Mr. C. S. Conrad, 
Manager of Sales, Stainless Products 
Department, Columbia Steel Company, 
gave a very interesting talk on “A Pre- 
view of the Modern Applications of 
High Strength Steel Alloys.”’ 

Dr. Robert J. Wiseman, Chief Engineer 
of The Okonite Company at Passaic, N. J., 
spoke on “The Old and New Insulations— 
with Particular Reference to Electric Arc 
Welding Cable.”’ 


Hopkins, R. D. 








EMPLOYMENT SERVICE BULLETIN 








SERVICES AVAILABLE 


A-146. Welding Engineer, college graduate, 18 years’ experience in steel fabrication, 
last 6 years devoted exclusively to the application of electric welding; competent to 
handle any branch of the program of applying electric welding to the design, fabrication 
and erection of structural steel and ornamental iron. 


V-56. Welding Engineer wanted. Must be Al, foreign experience desirable. State 
age and experience. Salary open—real opportunity. 
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Resistance Weld- 
ing of Aluminum 


and Its Alloys 


By D. I. BOHN 


+Pa mted at the Nov. 22, 1933 Meeting of the 
Now York Section, A. W. S., by D. I. Bohn of the Alumi- 
num Company of America. 


R. CHURCHILL has extolled the virtues of the 
aluminum alloys to such an extent that possibly 
you have gained the impression that they have 

excellent characteristics from a resistance welding stand- 
point. Unfortunately, this is not the case, and a great 
many of the characteristics which have made them so 
valuabie and useful militate against the ease of welding, 
which characterizes some other materials. 

The aluminum alloys all have a relatively high elec- 
trical conductivity, high thermal conductivity and, in 
addition, must be actually molten to produce a weld. 

The effect of these characteristics on the technique 
employed for successful resistance welding will be some- 
what evident. The high electrical conductivity demands 
an amperage several times as great as that required for 
steel, and the high thermal conductivity demands that an 
extremely short time of power application be used in 
order to avoid general heating and collapse when melting 
is reached. This again indicates a still higher current 
than would be necessary if a longer time could be used. 
Also, the fact that the metal must be actually molten 
to produce a weld requires that the melting be extremely 
localized in the case of spot or seam welds and that the 
outside surfaces of the sheets contacting the electrodes 
be practically cold and, therefore, mechanically unaf- 
fected. 

This does not mean, however, that the same excellent 
results, which are obtainable with steel and other com- 
monly used materials, are impossible to obtain with 
aluminum alloys, nor are the methods impractical in 
any way. 

Those of you who have spot welded aluminum on 
commercial machines will probably realize that often at 
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Fig. 1—Recommended 
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the best the results are not very satisfactory. In the 
case of the common alloys and when the sheets are not 
too thin, reasonably good spot welding can be done with 
any existing automatic spot welder, provided it is of suf- 
ficient electrical capacity. There is no known way to 
make up for lack of sufficient electrical capacity, and a 
great many of the unsatisfactory results which have been 
obtained are a direct result of trying to do a job with 10,- 
000 or 15,000 amps., which should require 25,000 amps. 

Those of you who have existing equipment, with very 
slight modifications, can do a reasonably good job on 
the common alloys if sufficient electrical capacity is 
present. In general, a 60 kv-a., 18-in. throat spot welder 
will handle two sheets each of 0.050 to 0.060 in. A minor 
change to permit such work may consist of eliminating 
the undesirable characteristics of the A.C. contactor 
handling the primary current. The usual practice is to 
operate the coil of this contactor from a cam-operated 
pilot switch, which is part of the machine motor drive. 

Since the operation of this cam is entirely non-syn- 
chronous in practically all cases, it is apparent that some 
variation in time delay of closing would be expected up 
to approximately one-half cycle. This error, which is 
entirely inappreciable when welding steel, becomes of 
considerable moment with aluminum as the time of 
power duration must be cut down to a low value, usually 
a few cycles. 

This is not the greatest error which the characteristics 
of the A.C. contactor possess. Variations in opening 
time, as checked oscillographically, show variations of 
as much as two or more cycles in successive spots. This 
variable delay is a function of the point on the A.C. wave 
when the contactor coil is de-energized, and the actual 
large variation is caused by the effect of the shading coil. 

If the coil circuit is opened when the flux is at a maxi- 
mum or at a large value, the collapse of the flux will in- 
duce a heavy current in the shading coil and cause the 
contactor to hold in for a cycle or two. If this circuit 
is opened, however, when the magnetic flux is at or near 
zero, a quick drop-out will be obtained. 

All that is required to minimize this condition is to re- 
move the shading coil and operate the contactor from a 
D.C. circuit, preferably selecting a new coil, which will 
permit a series resistor to be used in the circuit and increase 
the speed of the pick-up. 

With such a set-up these undesirable time variables 
are not eliminated, but are merely minimized; but condi- 
tions are improved sufficiently to permit good, satisfac- 
tory commercial work on the common alloys up to the 
limit of the machine’s capacity. 





April 


1 the 
2 not 
with 
f suf- 
Ly to 
nd a 
been 
1 10,- 
mps. 
very 
b on 
ty is 
elder 
ninor 
ating 
actor 
is to 
rated 
lrive. 
-Syn- 
some 
d up 
ch is 
es of 
ie of 
ually 


istics 
ning 
is of 
This 
wave 
ctual 
coil. 
naxi- 
ll in- 
> the 
rcuit 
near 


‘Oo re- 
om a 
| will 
rease 


bles 
ndi- 
fac- 

the 





1934 RESISTANCE WELDING OF ALUMINUM 5 





However, we are primarily interested in not merely 
a fair job but a first-class one, so it is desirable to not 
merely minimize but completely eliminate all the vari- 
ables which we have under our control. 

Since the problem of accurate power timing is one of 
the most important, the elimination of any variables in 
this direction constitutes the first important step. Ab- 
solutely precise, synchronous timing is now available in 
the form of the electronic equipment built for welding 
purposes. This equipment will permit successive shots 
of synchronously timed power. 

It is, of course, important that successive spot welds 
be made with the same welding current. This is not a 
serious or difficult matter as, if line regulation is reason- 
ably good—only varying a few per cent at different 
periods of the day—a given power setting will remain sub- 
stantially constant. If for any reason a line voltmeter 
indicates that some variation is being obtained, a small 
automatic induction voltage regulator should be used 
which will compensate for any serious variations. 

The basis of successful spot welds in aluminum alloys 
is the establishing of an extremely high thermal gradient 
from the point of weld to the outside of the sheet contact- 
ing the electrode, and in this connection the surface re- 
sistance between the sheets plays an important part. 
The greatest proportion of the heat, which is present to 
cause melting, is obtained from the flow of current 
through these contacting sheet surfaces. Here is a 
possible variable, therefore, which is somewhat more 
difficult to control than the obvious ones, such as timing, 
current or pressure. 

With a given lot of material this surface resistance is 
a fairly constant figure, but suffers from some variation 
even on different parts of the same sheet. This varia- 
tion is a much greater percentage when the electrode 
pressure is low than when it is high, and for this reason 
the use of the highest practicable pressure is recom- 
mended. The permissible range of pressures to do a cer- 
tain job is quite large and not at all critical, but once a 
given adjustment is made it must not be permitted to 
vary for successive spots. Any reliable means to apply 
the pressure is satisfactory, but for most purposes we 
prefer a pneumatic cylinder, gage and pressure reducer. 
A solenoid valve, properly sequenced with the control 
scheme, automatically takes care of the application and 
removal of pressure. Also, by using a pneumatic cylin- 
der rather than the conventional cam construction, the 
stroke may be made anything desired, up to the maxi- 
mum for which the machine is designed. 

Low inertia of the moving parts is a very desirable at- 
tribute for spot welding aluminum, and the design should 
use every means possible to cut down the weight of the 
upper electrode assembly. We have done this by using 
a design in which an aluminum alloy operates both 
mechanically and electrically by providing the desired 
strength of the upper arm and carrying the current as 
well. When very thin sheets are being spot welded, the 
adjustable stroke is advantageous as it permits the elec- 
trode opening to be just large enough to accommodate 
the work, and in this way harmful hammer blow is 
avoided. 

The question of secondary voltage is often asked with 
respect to the welding of aluminum alloys. It must be 
emphasized that secondary voltage, as such, has nothing 
whatsoever to do with the job as the current flowing to 
produce the weld is entirely responsible for the result. 
In the design of the machine, however, the most suitable 
secondary voltage to be selected becomes of considerable 
importance as it is responsible for forcing the required 
current through the secondary circuit. 

The current that flows in a spot welder made for alumi- 


Fig. 3(a) (Upper) Fig. 3(b) (Center) Fig. Xe Lower 





Figures 3a, 3b and 3c illustrate the structure of a typical strong alloy seam 
weld and are also typical of a spot weld. The unaffected surface meta! and 
the cast molten bubble constituting the weld indicate the extremely steep 
thermal gradient, which is the basis of successful spot and seam welding 
Figure 3a also shows the spaced pulsations of current as controlled by elec 


tronic means. 


Fig. 3(a)—Longitudinal Section of a Seam Weld in 0.051-In. 538-W 
Sheet. Original Magnification 25 Diam. Reproduction Reduced 2 


imes 
Fig. 3(b)—Same Weld and Magnification Shown Transversely 
Fig. 3(c)—Another Transverse Section of the Same Weld. Original 
agnification 100 Diam. Reproduction Reduced 2'/; Times 


num is, practically speaking, independent of the work 
which is being done and is almost entirely governed by 
the reactances of the various parts of the secondary 
circuit. The resistances of the circuit, or of the work, 
constitute in themselves such a small voltage drop that 
variations in them do not affect the amperes flowing but 
a fraction of one per cent. For this reason the design 
of a machine is purely an electrical problem involving 
the study of reactances in a heavy current circuit. The 
selection of the proper voltage to give the desired current 
indicates the kv-a. input, as the product of welding 
current and open circuit secondary volts is a direct 
measure of this kv-a. 

The duty cycle for aluminum is so low that the prob 
lem of electrical design is primarily one of obtaining the 
desired current and not of designing to prevent overheat 
ing of the transformer and other heavy current carrying 
parts. 











6 JOURNAL OF THE AMERICAN WELDING SOCIETY April 





Water cooling must be employed for the electrodes as 
they constitute the neck of the bottle and it is usually 
employed for the transformer secondaries, although it is 
doubtful if an aluminum spot welder really requires the 
latter. 

The consideration of the various frequencies is of some 
interest as the minimum gage of material which can be 
welded satisfactorily is a function of frequency. For in- 
stance, we employ one cycle (using a 60-cycle power 
supply) for welding 0.020-in. sheets. Although we have 
not made use of the higher frequency for welding thinner 
sheets, there is little doubt but what a 120-cycle power 
supply would be advisable to do a first-class job on 0.010- 
in. sheets. 

Conversely, to weld very heavy materials there is some 
advantage in lower frequencies such as 15 to 25 cycles. 
Since the kv-a. of a given machine varies almost directly 
with the frequency, for extremely heavy work a 1000 
kv-a. machine might be required if designed for 60 cycles; 
whereas 250 or 300 kv-a. is all that would be necessary 
if 15 cycles were employed. For the majority of work, 
however, 60 cycles seems to be a very good compromise, 
permitting perfect results in 0.020-in. sheet and not re- 
quiring an absurdly high kv-a. for material up to '/; in. 

Possibly mention should be made at this time of the 
expected results to be obtained in spot welding the vari- 
ous common and strong alloys when suitable and first- 
class equipment is provided. We have run several hun- 
dred spot weld tensile specimens to evaluate the consis- 
tency of the spot welds made with this type of equipment. 
It may be safely stated that, under these conditions and 
with good judgment used in making the initial set-up, the 
expected strength variation in spots will be between 90 
and 110% of the average strength. This, I believe, com- 
pares very favorably with the results obtained with other 
materials and should serve as an indication that the 
spot welding of these alloys is just as practical and con- 
sistent in results as practically any other forms of fabrica- 
tion. 

The aluminum alloys may be divided, from a spot 
welding standpoint, into three groups—the common 
alloys, the strong alloys and the Alclad alloys. 

The common alloys are those whose properties are 
obtained entirely from the alloy and working, and not 
from any heat treatment. They require, in general, no 
surface preparation and, unless they have been permitted 
to become very dirty, they may be spot welded as re- 
ceived. 

Some of the strong alloys receive their heat treatment 
by being heated in a nitrate bath to the proper quench- 
ing temperature, and then quenched in water. This 
operation provides a relatively high resistance oxide 
surface, as indicated in most cases by the grey color. 
It is fairly consistent in its resistance characteristics 
and is not harmful to the quality of the weld. It is ad- 
visable, and in some cases practically necessary, to re- 
move the oxide surface by sandpapering, or the equiva- 
lent, on the outside sheet surfaces which contact the 
electrodes. If this is not done, the electrodes will be 
quickly alloyed with aluminum and require frequent 
cleaning. In some cases it is desirable, although not 
necessary, to remove the oxide from one of the inner sur- 
faces, but in no case have we found it advantageous to 
remove the oxide from both inside surfaces. These 
latter remarks apply to practically all of the nitrate heat- 
treated alloys, such as 17ST, 24ST, 51ST, 53ST and sev- 
eral others less commonly known. 

The Alclad materials usually consist of one of the 
strong alloys whose outside surface consists of a 5% 
thickness of practically pure aluminum. This pure 
aluminum surface provides electrolytic resistance to cor- 





rosion, making these alloys some of the most useful for 
aircraft and other work where the thicknesses are not 
great and corrosion becomes a factor. 

These Alclad alloys require no surface preparation of 
any sort as the pure aluminum surface does not cause 
appreciable alloying with the electrodes. 

Our work is very naturally far from complete with 
respect to the study of corrosion of spot welds in these 
various alloys. We have quite definite indications, how- 
ever, that the spot welds in the Alclad materials are 
excellently protected and that corrosion is practically as 
negligible with them as it is with the material itself. 
This is what might be expected as the Alclad surface 
provides the same electrolytic protection as rivets which 
do not have an Alclad surface themselves, so that even 
if the spot weld should damage to some extent the Alclad 
surface, the area of exposed inner metal is protected 
electrolytically by its proximity. 

Various types of electrode designs have been tried, 
and the most satisfactory one has a conical contacting 
surface. The cone is quite flat with an included angle 
of about 160 to 165°. This design provides an initial 
low area of contact, the area increasing rapidly as the 
electrode sinks into the surface of the metal. As the weld 
is completed, this reduces the current density and in 
itself provides quite a stabilizing action, tending to 
minimize effects of surface resistance variation or slight 
power changes. 

With such an electrode design variations in power over 
quite a range merely affect the diameter of the resulting 
spot rather than the quality or soundness. 

When desired, one of the electrodes may be left flat, 
the other one being as described, although for thick 
material, such as 0.100 in., or where three or four sheets 
are welded together, it is preferable to have both elec- 
trodes of this design. 

Seam welding is a continuous and special form of spot 
welding, and practically all of the previous statements 
apply directly to it. The fact that successful spot weld- 
ing of these alloys requires relatively short times of power 
application indicates that the same condition must exist 
for satisfactory seam welding, and experience demon- 
strates this to be so. 

The machine employed is very similar to the spot 
welder, except that the electrodes consist of rollers, 
either one or both of these being mechanically driven at 
a constant speed. Power supply is controlled by elec- 
tronic means to give any desired number of cycles ‘‘on’” 
and “‘off.’”’ Experience has shown that the percentage 
of time when the power is on should be around 25%, or 
lower when possible. This value is a compromise be- 
tween the maximum current available and the desired 
thermal conditions. If power is applied, let us say, for 
two cycles on and two off, the tendency will be for the 
molten bubble to approach the sheet surface too closely, 
with the possibility of excessive electrode pick-up from 
the high temperature aluminum adjacent to the elec- 
trode. If an adjustment is made to give, let us say, one 
cycle on and seven off, the thermal gradient will be very 
steep and the outside sheet surface will not become hot 
enough to alloy with the rollers. More power is required, 
of course, for this last setting than if one cycle on and 
three off were employed, so that, in general, the tendency 
should be to employ a setting which gives a lower per- 
centage for the “power on” period. It goes without 
saying, of course, that these adjustments must be pre- 
cise and the control of power synchronous in every way; 
which practically eliminates the use of the old-style me- 
chanical interrupter. 

The cycles employed are also dependent upon the de- 
sired speed to some extent. In order to make a gas- 
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or liquid-tight seam, the spots must well overlap each 
other and this spacing is a function of the “‘on plus off”’ 
cycles and the peripheral electrode speed. 

No trouble whatsoever is experienced in making gas- 
tight seams in any of the alloys when the proper equip- 
ment is available. In most cases the gas-tight seams are 
only employed for a container or pressure vessel, and the 
use of common alloys is preferable as the ductility of the 
welds is much greater than with the strong alloys. 

It is often thought that the field of seam welding in- 
cludes only those jobs requiring a gas- or liquid-tight 
seam, but this is by no means the case. A great many 
mechanical applications which would normally be riveted 
or spot welded may be seam welded with a cycle setting 
to properly space the spots and simulate a spot welded or 
riveted joint. The operation is usually five or ten times 
as fast as spot welding, the results just the same and the 
cost materially decreased. 

Butt welding of these alloys differs considerably from 
spot and seam welding, although the characteristics of 
the alloys again demand that a procedure be used which 
is considerably different than that employed for most 
other materials. 

We have had no appreciable success with flash welding 
as practiced with steel, and the method employed is 
one of pure resistance welding—no disturbance or fire- 
works being present during the operation. 

The fact that flash welding has not proved satisfactory 
limits the application of butt welding to sections which 
do not. have a too great proportional difference in width 
and thickness; that is, it would be extremely difficult to 
satisfactorily butt weld two thin sheets to each other. 

The general procedure for butt welding is to clamp the 
materials in suitable electrodes and apply the proper pres- 
sure, followed by the application of power. For this 
method definite time is not used, but instead a limit 
switch is arranged to cut off power when a pre-set travel 
has been reached. 

This procedure sounds quite simple and this is the case 
for simple sections such as rounds, squares or oblongs 
of reasonable proportion. 


Since the proper current distribution which is in- 
herently present with any flash welding method is not 
available with this form of butt welding, it is necessary 
to obtain such current distribution by skilful electrode 
design. This is comparatively easy with the simple sec- 
tions, but becomes increasingly difficult as more compli- 
cated sections, such as some of the architectural ones, are 
used. 


The distance between the electrode faces, that is, the 
amount of unsupported material between the electrodes, 
is a compromise. From a current distribution stand- 
point the greater this distance the better, but as the 
complexity of a section increases it is necessary to support 
it quite close to the weld in order to avoid mechanical 
failure of the metal directly adjacent to the weld. 


A general rule for simple sections is 2000 Ib. and 30,000 
amp. per sq. in. This is only very approximate as the 
shape of the section and the alloys employed will cause 
considerable variation in these figures. 


The field of butt welding in the aluminum alloys is 
probably somewhat limited due to the metallurgical 
conditions which obtain. Ifa high strength alloy is used 
because it is necessary for the job, it is very probable that 
the reduction in strength throughout the entire butt- 
welded section would not permit its use. This does not 
apply, of course, to spot or seam welding, the strength of 
whose joints can be made to equal or exceed similar riv- 
eted joints. 


The greatest application of butt welding will probably 
be in the architectural field where it seems to offer ex- 
cellent possibilities for window frames and _ similar 
articles. The strength obtained is more than ample for 
this class of work, and it is expected that, as further de- 
velopment along these lines is made, cost and other ad- 
vantages will dictate its widespread use. 


As is the case with spot and seam welding, most appli- 
cations will require the installation of specially designed 
equipment to provide the heavy necessary current and 
low inertia of moving parts necessary for aluminum sec- 
tions. 





Cost of Welding versus 
Cost of Fittings 
in Pipe-Lines 
By ALBERT UHLIG 


URING a recent visit to Europe the writer helped 
prepare some interesting charts and obtained im- 
portant facts pertaining to the economy of welding 

of gas, steam and water pipe-lines and other steel pipe 
constructions. The exhaustive studies and analysis of 
economical welding practices and their application in 
pipe systems has helped welding too, because of their 
vital importance in the building trade and a great many 
other industries. 

An oxyacetylene welded joint not only gives the 
best possible density and strength, but it is just as ad- 
vantageously applied in water and steam as well as in 
gas distributing systems for any given pressure. The 





advantage of welded pipe-lines consists mainly of its ex- 
ceedingly low cost, its remarkable strength and neat 
appearance compared with the old method of screwed 
and fitted joints. In no other way are pipe-lines made 
so economical and perfect. To obtain a perfect joint 
the two or more pipes should be heated first to secure a 
good alignment. A fair aligned joint is desired to pre 
vent the forming of small bubbles on the inside of the 
pipe, which are detrimental to the unresisted flow in the 
line. Any welder with some experience knows that and 
also knows how to prevent such “‘tumors.”’ 

Oxyacetylene permits the highest working speeds, be- 
cause no other welding gas mixture gives a greater tem- 
perature. 

To avoid turbulent currents in gas, steam or water 
pipe-lines, one section of the joint should be beaten as 
shown on Charts 4 and 5. This can easily be done by 
applying heat to the pipe with a hammer or a tool made 
for just that purpose. 

The accompanying charts show the comparison of 
cost of the old and new methods—the old-fashioned way 
of screwing the sections of a pipe-line together and the 
modern way of welding. 

In the comparison of costs of both methods all 
expenses are included such as: labor, material, oxy- 
acetylene, welding rod. These charts were made for 
another monetary unit than ours, but, nevertheless, they 
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point out the facts of the tremendous savings that can lene and oxygen in this country, welding gains another 
be effected with that new method. The labor costs are advantage (which has not been considered in the pre- 
fixed at 1 unit per hour. Due to the lower cost of acety- sented charts) over the old method. 
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Welding Corrosion- 
Resisting Steels 


By OWEN C. JONES 


+Mr Jones is a member of the staff of the Technical Pub- 
licity Department, The Linde Air Products Co. 


IVILIZATION is finding today an ever-increasing 
use for corrosion- and oxidation-resisting alloy 
steels, and this advance demands for those who 

would use and manufacture things from these steels a 
thorough knowledge of the best method for their fabrica- 
tion. Oxyacetylene welding is finding a widespread use 
in this direction. Many of these alloys on the market 
today bear special trade names, but they may be grouped 
according to various characteristics which are a result of 
their composition. Among the alloying elements gener- 
ally used, chromium is the most important and useful in 
imparting the properties of oxidation and corrosion re- 
sistance. Many of these alloys also contain nickel. 

With the great demand for welded products made of 
these alloys, it is essential that we know how to carry out 
the welding operations so as to assure completely satis- 
factory results. 

The data which follow describe the welding procedures 
for various of the high-chromium alloys. Under proper 
conditions and with correct procedure these can be 
welded successfully in practically all cases. 

Commercial chromium alloys are divided in this article 


into eight groups in accordance with the different recom- 
mended procedures for welding and, since these methods 
are governed largely by the amount of chromium in the 
alloys, this percentage is used to show under which head 
the particular type of alloy is placed. The procedure 
given for a certain group will be the same regardless of 
the variations in chemical composition which may occur 
within the limits of the group. It should be remembered 
that the compositions shown in the respective tables are 
representative and nominal only. 

Due to the formation of infusible oxides, consisting 
chiefly of chromium oxide together with smaller amounts 
of iron oxide, manganese oxide and silica, flux is used in 
welding these materials. The ordinary fluxes for welding 
or brazing are not satisfactory for these alloys. For this 
service the flux must be correctly compounded to dissolve 
readily the refractory chromium oxide and of sufficient 
viscosity at high temperature to protect adequately from 
oxidation the molten weld metal and metal adjacent to 
the weld. A flux, especially designed for welding high 
chromium steels, known as “‘Cromaloy Flux,’’ has been 
used with great success. It has a high solvent power for 
chromium oxide and is of suitable viscosity at the welding 
temperature. Best results are obtained through its use, 
and it is recommended that this flux be used in all cases. 

Best results are secured with the use of a neutral flame. 
An oxidizing flame tends to give a porous weld with gas 
inclusions and should never be used. A reducing flame 
tends to increase the carbon content of the weld and base 
metal adjacent to the weld and reduces resistance to cor 
rosion. This, however, can be largely controlled and 
many operators use a flame adjustment which shows a 
barely perceptible acetylene feather on the inner cone of 
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Corrosion-Resisting Steel, Welded Cooling Unit Used in the Manufacture 
‘ of Beverages 


the flame. A real reducing flame, except in special later- 
mentioned cases, is just as much to be avoided as an oxi- 
dizing flame. 








Group 1—Stainless Steel 


12—15 per cent 
about 0.30 per cent 








Stainless steels of this class are generally usec for cut- 
lery and heat-treated machine parts. If the full corro- 
sion-resisting properties of this group are to be obtained, 
complete heat treatment is necessary after welding. An- 
nealing, which gives completely satisfactory results for 
most stainless steels, does not restore full properties to 
this group. The welding procedure is the same as for 
Group 2. 








Group 2—Rustless or Stainless Iron 


11.5-15.00 per cent 
max. 0.12 per cent 
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Irons of this class are used chiefly in sheet form. In 
thicknesses up to 16 gage, flanged type welds are ordi- 
narily employed. All scale should be removed from the 
edges to be welded. The flanges, preferably about '/i6 
in. high, are painted top and bottom with a paste made 
by mixing Cromaloy flux with water. After this the weld 
is made in the usual way by melting down and fusing the 
flanges. A blowpipe tip just large enough to insure 
proper fusion should be used, since too large a tip would 
cause the molten metal to boil and would result in porous 
welds. 

For thicknesses greater than 16 gage, welding rods of 
the same composition as the base metal, or low-carbon 
rod containing 15 to 18 per cent chromium will produce 
welds with satisfactory corrosion resistance for the condi- 
tions under which this metal is generally used. Good 
butt type welds can be obtained in metal '/1 in. to */s in. 
thick without beveling. Thicknesses greater than '/s in. 
should be beveled. It is essential that the flux be ap- 
plied to the line of the weld on both the top and bottom 
surfaces of the sheet. This prevents oxidation on the 
underside and allows good fusion and union to take place 
under the protecting film of slag. Without the use of 
this flux, it will be impossible to obtain complete fusion 
at the bottom of the seam. When a rod on which flux 
paste has been coated is used it is only necessary to paint 
the bottom sides of the seam with flux. To coat the rod 


it should be clean and painted with a thin mixture of 
Cromaloy flux and water. 

In making welds in heavier gages of rustless iron, the 
plate should be beveled and both faces of the bevel 
coated with the flux. The welding should be carried 
through to completion rapidly and, if possible, the design 
of the weld should be of the single-vee type. Double-vee 
welds can be successfully accomplished with careful pre- 
heating, but this method is not recommended generally. 

As a result of the high temperature attained during 
welding, rustless iron has a tendency to be brittle in the 
weld metal and in that portion of the sheet adjacent to 
to the weld unless properly heat treated after welding. 
Rustless irons, particularly those containing 12 to 14 per 
cent chromium, are subject to air hardening and require 
annealing to restore toughness to the weld and base metal 
adjacent to the weld. Best results are obtained by heat- 
ing in a furnace at a temperature of 1250 to 1300° F. (675 
to 705° C.) followed by slow cooling, either in the furnace 
or in warm still air. 

The blowpipe is often utilized for applying the heat in 
cases where it is not possible to use furnaces. When us- 
ing this method of annealing, care must be exercised not 
to heat the metal above the maximum temperature pre- 
viously mentioned. The benefit to be derived from 
blowpipe annealing will depend on the care used in con- 
trolling the temperature and time of heating. Usually 
three minutes within the above temperature range will 
give the desired softening effect. 

The higher silicon content found in some of the com- 
mercial grades facilitates welding and reduces their ten- 
dency to air-harden. They are, however, more subject 
to grain growth in the weld and base metal adjacent to 
the weld. Excessive grain growth results in a brittle con- 
dition which in most cases can be remedied, particularly 
on light-gage metal by annealing at 1250 to 1300° F. 
Blowpipe annealing for three minutes within this tempera- 
ture range softens somewhat the weld and adjacent 
metal. After furnace treatment, welds in 16-gage mate- 
rial will stand considerable bending without fracture. 

Rustless iron also can be bronze-welded successfully. 
It is necessary that the surfaces to be bronze-welded be 
clean and free from oxide. A combination of Cromaloy 
flux and a good bronze welding flux should be used. A 
mixture of 75 per cent Cromaloy flux and 25 per cent 
Brazo flux works very satisfactorily. When bronze- 
welding is used, no after-annealing is necessary or advis- 
able as the application of bronze to steel takes place at a 
temperature lower than that which affects the properties 
of the iron. To heat-treat after bronze-welding will also 
be apt to melt off the bronze. Obviously, where a color 
match is not necessary the use of bronze-welding will 
have many attractive considerations. Its strength is 
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subject to some grain growth but annealing at 1200 to 
1350° F. (650 to 750° C.) will improve its ductility. 
With careful welding the grain growth is kept to a mini- 
mum. 

Here again, as in the case of rustless iron, Cromaloy 
flux should be used to insure uniform results. The tech- 
nique and procedure outlined for Group 2 for the actual 
welding operation should be used. 
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Group 4—18 Per Cent Chromium-8 Per Cent Nickel Alloy 
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The group of steels containing 18 per cent chromium 
and 8 per cent nickel commonly known as 18-8 are joined 
without difficulty by welding. The welds are strong and 
tough, but in severe conditions of corrosion the welds and 
particularly the adjacent base metal may be slightly less 
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jacent resistant to corrosion than the base material due to a pre- 
ame cipitation of carbides brought about during the welding. 
a If severe corrosion conditions are to be encountered by 
sfully. the welded alloys containing over 0.07 per cent carbon a 
ded be heat treatment at 1800-1900° F. (1000-1050° C.) followed 
ey by water quench will restore the corrosion-resistant prop- 
ed. erties. The farther the carbon is reduced below 0.10 per 
ie cent cent, the greater will be the resistance to corrosion, and 
— at about 0.04 per cent the alloy in the as-welded condition 
advis- is practically free from the intergranular corrosion. 
abe In welding, the shorter the time the metal is held be- 
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Crush Test on Chromium-Nickel-Iron Tubing. The Welds Showed No 
Signs of Failure 











Drift Test on 18-8 Steel Welded Tubing Shows the Welds Stand Ex- 
pansion as Well as the Steel 


tween the temperatures 1470-1652° F. (800-900° C.), 
and the faster the cooling from the higher temperature, 
the better the subsequent resistance to corrosion. For 
this reason and also to hold warping of the metal at a 
minimum, the welding should be done rapidly and with 
the least possible heating of the metal adjacent to the 
weld. 

The oxyacetylene process is particularly recommended 
for welding sheet '/\, in. or less in thickness, and it may 
be used for sheets of greater thickness if continual care is 
used to reduce as much as possible the amount of heat 
going into the weld. On heating, the alloy has a high co- 
efficient of expansion, which accentuates its tendency to 
warp. This difficulty can be controlled by jigs or other 
fixtures to hold the sheets in place during welding and at 
the same time limit the heat absorbed by the base metal. 
Careful preheating of large surfaces in special jigs is some- 
times used to prevent distortion during welding. 

Edge welds, when made over a suitably grooved back- 
ing-up strip and in clamping jigs to control warping, pre- 
sent a smooth appearance on both top and bottom 
surfaces. 

During welding it is essential that a flux be applied, 
particularly to the underside of the seam to be welded. 
This application of flux prevents atmospheric oxidation 
on the underside and allows the bottom edges of the parts 
being joined to flow together, yielding a dense weld at the 
bottom of the seam. Flux may be applied to the rod if 
required, but in all cases it is essential to apply it to the 
underside of the seam. 








Group 5—24 Per Cent Chromium=12 Per Cent Nickel Alloy 


Carbon..... 
Chromium... 


max. 0.25 per cent 
20-30 per cent 
10-22 per cent 
0.5-1.5 per cent 


This steel is used for resistance to oxidation at high 
temperatures, and resistance to corrosion is not an impor 
tant factor so far as joining is concerned. However, 
under some severe corrosive conditions welds in this alloy 
are subject to intergranular corrosion. Because it has a 
high coefficient of expansion and low heat conductivity, 
more than the usual allowances should be made for con- 
traction during welding. The backhand method of weld- 
ing is preferable for retarding contraction. A generous 
application of flux should be made, especially on the bot- 
tom of the edges to be welded, because the slag formed on 
the melted metal is sluggish. Good quality welds are 
readily obtained by careful adherence to the correct pro- 
cedure. 
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On account of their high chromium content this group 
of alloys presents some difficulties in welding when the 
material is more than:'/, in. thick, due to the formation 
of infusible oxides or slag. Fluxing helps this consider- 
ably. When subjected to the heat of welding, this metal 
undergoes considerable grain growth with resulting 
brittleness. This condition cannot be removed by an- 
nealing. 

The best results are obtained by using a flame adjust- 
ment barely on the reducing side of neutral with flux. 
Welds may, however, be made in the metal with an ex- 
cess acetylene flame without the use of flux, bearing in 
mind the fact that the welds will be hard, brittle, high in 
carbon and less resistant to chemical corrosion than the 
plate. This method of welding is sometimes used for 
boxes and containers which are not to be subject to very 
severe service conditions. A backhand welding tech- 
nique should always be used. 


Group 6—Nickel-Chromium Alloy 





PES PE Pore ee 0 .30-0 .50 per cent 
Nickel...... 21 .00-25 .00 per cent 
ES se a 7 .00-9 .00 per cent 
SEN Ab vidtbats a 0:5 05 1 .00—-1 .50 per cent 
Copper. . 1 .0O—1.50 per cent 


Alloys of composition within the above ranges and 
others with varying amounts of nickel, chromium and sili- 
con may be welded with very satisfactory results. On 
account of their high expansion properties, provision 
should be made for controlling expansion and contraction, 
the same as with other alloys. With the higher nickel 
content the weld metal is quite liable to be weak just 
after solidification, and care should be taken to insure 
freedom from stress during solidification. In all cases 
procedures as descr.bed under the welding of rustless 
iron, Group 2, should be followed. 


Group 7—Chrome Iron 


sinc Pewee sek OR aes wien max. 0.30 per cent 
Chromium ie diate wite tA ak by 24-30 per cent 

EE a a 0.50-1.00 per cent 
ae max. 0.60 per cent 


The welded chrome iron will not stand severe mechani- 
cal treatment at ordinary temperature, but is quite duc- 
tile at temperatures above 932° F. (500° C.), and as this 
is its principal service, namely, to resist oxidation at very 
high temperatures, welded joints can be used wherever 
desired. 

Chrome iron, as this alloy is commonly called, has 
about the same coefficient of expansion as steel and ac- 
cordingly about the same allowance should be made for 
expansion and contraction. Welding rods of the same 
composition as the base metal should be used. The 
edges of the weld should be prepared the same as for steel 
of like thickness. In order to secure good bottom fusion 
the application of a paste of Cromaloy flux to the under- 
side of the seam will prevent atmospheric oxidation and 
allow the bottom edges to fuse together. Without flux 
on the underside severe oxidation will take place, leaving 
a groove at the bottom of the weld. A small amount of 
flux applied to the rod will facilitate welding in prevent- 
ing oxidation of the rod at the end. In making a weld 
only enough heat to secure satisfactory fusion should be 
used. Overheating causes boiling and results in porosity. 





The welds should be made as rapidly as possible and 
should be carried through to a finish without delay. 

In welding castings it is preferable to preheat and weld 
with a rod of same composition as the base metal, using 
as little heat as possible and a neutral flame. If the cast- 
ings are high in carbon as in castings for wear resistance, 
the use of an excess acetylene flame is permissible. It 
will facilitate the welding, allowing sand and oxide to be 
floated more easily. Any blowholes should be ground 
out, if possible, exposing clean surfaces for welding. 
Slow cooling, after welding, is advisable. If heat treat- 
ment is required to impart special properties to the cast- 
ing, this should be done after cooling down from the weld- 
ing operation, or the casting after welding may be 





Welded Tubing. 18 Per Cent Chromium-10 Per Cent Carbon. 


The 
Unbroken Welds Are at the Apex of Right-Hand and Right Edge of Left- 
Hand Specimen 


brought up to the desired uniform temperature without 
allowing it to cool down. This last procedure will elimi- 
nate stresses from uneven cooling. Annealing after weld- 
ing is recommended. 


Group 8—Castings 


High chromium alloy castings, with wide variation in 
contents of chromium or chromium and nickel, are in ex- 
tensive use. They may contain also appreciable 
amounts of silicon. Castings, as a rule, contain consid- 
erably more carbon than the rolled products. The cast- 
ings may be used for resistance to chemicals, heat or wear, 
the composition being determined by the use. 

For welding castings containing high carbon and de- 
signed for wear resistance, it is preferable to preheat to a 
good red heat to avoid cracking the metal. Cooling 
should be relatively slow; after this the castings may re- 
quire further heat treatment to produce the necessary 
hardness. Welding rods of the same composition as the 
base metal should be used. The use of flux will facilitate 
fusion and assist in removing oxide and sand spots in de- 
fective castings. 

After welding the casting should be reheated to an even 
temperature and cooled slowly. Following this, further 
heat treatment may be necessary in order to produce the 
desired physical properties in the metal. 


HKEKEE 


In conclusion, it may be said that the successful oxy- 
acetylene welding of high-chromium stainless and rustless 
steels and irons depends chiefly upon certain particular 
factors. It is always necessary to have a clean surface on 
the base metal and either a rod of the same composition 
of the base metal or another which is known to produce 
the desired results. A neutral flame is recommended 10 
all cases except in those specifically stated otherwise, al- 
though a flame with a very slight excess of acetylene may 
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be used. A flux with special characteristics, such as 
Cromaloy, is necessary. 

Stainless steels and irons can be properly and satisfac- 
torily welded by the oxyacetylene welding process in ac- 
cordance with the procedures just outlined. Full advan- 
tage should be taken of this since welded stainless steel 
products have, as an added feature to their corrosion-re- 
sisting properties, the fact that they are welded. This 
in itself is an important factor in adding strength, perma- 
nence and neat appearance to manufactured articles. A 
welded stainless steel product is a more salable product 
since it is a better, stronger and more lasting product. 





Are Welding of 
Corrosion-Resist- 
ing Steels 


By A. F. DAVIS 


+#Mr. Davis is Vice-President of the Lincoln Electric 
Company. 


N INTERESTING application of the use of 
welded alloys to resist corrosion was described in 

a paper by Raymond S. Hoffman, Standard 

Oil Company of New Jersey, submitted in the recent 
Lincoln Arc Welding Prize Competition. Mr. Hoffman 
explained the use of arc-welded alloy-lined fittings in high 
pressure cracking apparatus for oil refineries. After 
being in service approximately 22 months, these fittings 
had saved over 59 per cent of the cost of old-style fittings. 
Such pipe-line joints are usually made with carbon 
steel flanges, valves, crosses, etc. Due to the corrosive 
action of ‘“‘sour’’ crude oil, the life of these fittings is as 
low as six months and few last over a year. The lined 














fittings have an indefinite life and are much less expensive 
than solid alloy fittings. 

A typical fitting is shown in Fig. 1, a nozzle for a 
“soaking” drum. This is a carbon steel unit, with the 
flange counterbored '/, in. deep and 1*/, in. wide into 
which the alloy metal has been deposited by means of 
the electric arc and a coated °/3.-in. KA2 electrode. The 
V-shaped groove shown is machined into the deposited 
alloy metal to receive a metal ring gasket used in this 
type of high pressure, high temperature apparatus. The 
nozzle was first lined with an alloy sleeve. This was a 
very simple job, the sleeve cut to proper length being 
driven into position before the arc-welded deposit was 
applied to the counterbore. 

Some of the figures showing savings made through the 
use of these alloy-lined fittings are interesting. These 
are typical: 


Life of Life of 


Unlined Lined Cost Solid 
Description Fitting Fitting Unlined Lined Alloy 


3-In. Cast Steel 6 mo. Indefinite—22 $18.54 $21.89 $ 54.24 
Flanged Tee mos. service 


and still good 

6x 4x4 Cast 6mo. Indefinite—22 $15.91 $26.00 $125.00 
Steel mos. service 
Flanged Tee and still good 


4-In. Nozzles lyr. Indefinite—18 $40.00 $46.50 $ 78.85 
mos. service 
and still good 





Wherever metals must withstand corrosive action, the 
stainless steel alloys can be used effectively and eco- 
nomically; those most commonly used can be arc 
welded with little difficulty. 

The application of linings of stainless steels, utilizing 
the electric arc, as outlined above, can well be adapted 
to many other industries and will show just as remark- 
able savings. 


The Welding of 
Corrosion-Resist- 
ing Steels 


By CHAS. H. JENNINGS 


+Mr. Jennings is connected with the Westinghouse 
Research Laboratories. 


Introduction 


HE rapid increase in the use of corrosion-resisting 
steels (chrome and chrome-nickel alloys) and 
the development of fusion welding for fabricat- 

ing the same, necessitates that welders, foremen, super- 
intendents and engineers who are connected with welding 
become familiar with the welding methods and processes 
employed. It is the purpose of this article, therefore, 
to briefly summarize and condense some of the available 
information on the arc welding of corrosion-resisting 
steels and present it in a concise, non-technical form. 











14 JOURNAL OF THE AMERICAN WELDING SOCIETY 


April 





Classification and Characteristics of Corrosion- 
Resisting Steels 


From the view-point of weldability, most commercial 
chrome and chrome-nickel alloys can be divided into 
three general classes: 

1. Chrome alloys containing 14% chromium or less 
(susceptible to air hardening).':*.* 

2. Chrome alloys containing over 16% chromium 
(not appreciably susceptible to air hardening).':** 

3. Chrome-nickel alloys (austenitic class). 

A. Chrome Alloys Containing 14% Chromium or 
Less.—This class of alloys is susceptible to air hardening. 
As a result welds made on them will be hard and brittle. 
This condition is so severe that cracks may develop in 
the weld or in the parent metal, adjacent and parallel 
to the weld, during the welding process. Partial restora- 
tion of the ductility and toughness can be obtained by 
heat treating at 1200—-1400° F. for 15 or 30 min. and 
cooling slowly. Care must be taken not to heat the 
material over 1450° F. 

The low-carbon alloys of this class (carbon below 
0.20%) do not require heat treatment to develop their 
corrosion-resisting properties. The high-carbon alloys 
of this class (carbon 0.20% or over) are dependent upon 
heat treatment with rapid cooling and good surface 
finish for their corrosion-resisting properties. The fact 
that the high-carbon alloys require heat treatment and 
slow cooling to improve their physical properties and 
heat treatment with rapid cooling to develop their 
corrosion properties makes them generally unsuited for 
welding. 

B. Chrome Alloys Containing Over 16% Chromium.— 
Alloys of this class are not appreciably susceptible to air 
hardening and have the property of retaining their 
corrosion resistance at high temperatures. The fact 
that they are not appreciably susceptible to air hardening, 
however, does not result in their being satisfactory to 
weld. The heat produced by welding causes rapid grain 
growth which results in a joint that is hard and brittle 
at normal temperatures. Heat treatment will not cor- 
rect this condition and as a result alloys of this class are 
not recommended for welding except in special cases. 

At temperatures of 400-800° F. welded joints in 
alloys of this class have considerably improved proper- 
ties. This characteristic, combined with the low expan- 
sion properties of these alloys (the expansion properties 
will be discussed later), makes them suitable for welding 
when the working temperatures are around 400—800° F. 

C. Chrome-Nickel Alloys (Austenitic Type).—The 
most universally used alloy of this class is the 18-8 type 
(18% chromium and 8% nickel). Consequently, it is 
the only one that need be discussed. This alloy is the 
most easily welded of all the corrosion-resisting alloys. 
The welds and parent metal are not subject to air 
hardening or grain growth and the resulting welds are 
soft, ductile and strong. The physical properties of 
welds made on this alloy are as follows: ultimate 
strength 65,000—75,000 Ib. per sq. in.; yield point 40,000— 
50,000 Ib. per sq. in. and elongation 15% in 2in. Heat 
treatment is not required to improve the physical 
strength of the welds, although it has a beneficial effect 
in relieving the welding strains and slightly increasing 
the ductility and tensile strength. 

In alloys where the carbon content is over 0.07% the 
heat of welding will cause carbon to precipitate at 
the grain boundaries, thereby lowering the resistance of the 


1 This is an apecgmepete and not a fixed dividing peint. Also the sus- 
ceptibility to air hardening varies to a certain extent with the carbon content. 
T. Holland Nelson, “Riveting and Welding Rustless Structures,”’ Jron 
Age, Vol. 128, No. 15. 
3 J. H. G. Monypenny, “Stainless Iron and Steel.” 


—____ 


weld and surrounding metal to corrosion. For carbon 
contents below 0.07% no trouble is experienced from 
this phenomenon. Heat treating at 1800-2000° F. and 
quick cooling will put the carbon back into solution and 
restore the corrosion-resisting properties. (For small 
and thin pieces air cooling is sufficiently rapid. For 
large pieces water quenching is necessary.) The de- 
crease in corrosion-resisting properties resulting from 
carbide precipitation is not severe and in many cases 
heat treating is not necessary even though carbon pre- 
cipitation has occurred. 


Welding Procedure and Technique 


The welding procedure and technique employed in 
welding the above three classes of corrosion-resisting 
steels are practically the same, consequently they will be 
discussed together. 

The welding of all the alloys should be done with 
fluxed electrodes using reverse polarity. (The use of 
reverse polarity is not a hard and fast rule.) The 
composition of the electrodes should, in general, be the 
same as that of the material being welded. In certain 
cases, such as where rigid joints in chrome-steel alloys 
are being welded, it is advisable to use chrome-nickel 
electrodes because of the superior ductility of the welds 
obtained. 

The electrical resistance of all the chrome and chrome- 
nickel alloys is relatively high, therefore the electrodes 
quickly become heated from the current flowing through 
them. In order to keep the electrodes from over-heating 
and destroying their flux it is essential that not more than 
7 or 9 in. of electrode be consumed at a time. If 18-in. 
electrodes are used it is desirable to grip them in the 
center and weld from both ends. If it is necessary to 
grip them at the end, only half the length should be 
consumed at a time. The remaining half should be 
allowed to cool before using. 

Chrome-nickel electrodes should not contain more 
than about 0.07% carbon and their flux should be free 
from carbonaceous materials. Carbonaceous materials 
will break down in the heat of the arc and carburize the 
weld metal, thereby making it more brittle and less 
resistant to corrosion. 

The thermal conductivity of chrome-nickel alloys is 
from 30 to 50% of that of mild carbon steel. The 
thermal conductivity of the chrome alloys is somewhat 
greater than the above but they are still considerably 
below the values of mild carbon steel. This low thermal 
conductivity retards the transmission of heat from the 
weld to the surrounding material, consequently special 
precautions must be taken to prevent over-heating. 
Several of the most common methods of preventing 
over-heating are as follows: 


1. The welding currents used should be about 80% 
of the values used for mild carbon steel electrodes. 
(This also aids in preventing excessive heating of the 
electrodes.) 

2. The molten metal should not be puddled. Pud- 
dling prolongs the length of time the arc is held in 4 
given spot and tends to produce excessive heating. 

3. It is often better to deposit several light layers 
of weld metal instead of one heavy layer. The depo- 
sition of a heavy layer produces a heating effect 
similar to that produced by puddling. 

4. Back-up strips of copper will aid in conducting 
away the heat. 

The coefficient of expansion of the chrome alloys of 
the air-hardening and non-air-hardening class is about 
25% less than that of mild carbon steel. As a result 
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the expansivity of these alloys offers no difficulty from 
the standpoint of welding. 

The coefficient of expansion of chrome-nickel alloys, 
however, is about 50% greater than that of mild carbon 
steel. This high coefficient of expansion offers consider- 
able difficulty from the standpoint of welding and must 
be taken into consideration. Proper fixtures and clamps 
should be used to prevent warping and distortion. 

The joint preparation for corrosion-resisting steels is 

similar to that for mild carbon steel. Scarfing is not 
required on plates '/s in. thick or less. Plates */j in. 
thick and over should be scarfed. When butt welding 
thin-gage material the butting edges should be turned 
up about '/,. in. to form a so-called double flanged butt 
joint. 
The welding operation will produce a discolored and 
corroded area on each side of the weld. This should be 
removed by pickling or grinding so that it will not start 
corrosive action. 

Both direct current and alternating current welders 
are suitable for welding corrosion-resisting steels. Al- 
ternating current welders equipped with a short wave 
are control are particularly adapted to this class of work 
because of the stability of the arc obtained. 








FROM ABROAD 
Electric Are Welding 


under Water 
By PROF. K. HRENOFF and ENG. M. LIVSHITZ 








+Prof. Hrenoff and Eng Livshitz are with the Mos- 
cow Electromechanical Institute of Transport Engi- 
neers. 


N FEBRUARY 1932 the Welding Research Labora- 
tory of the Moscow Electromechanical Institute of 
Transport Engineers began studying the problem of 

the possibility of arc welding under water. As we know, 
the burning of the arc in a liquid medium is not so stable 
as in a gas one, and the extinction of the arc by a liquid 
medium is, for example, used in oil-break switches. The 
burning of the arc in water and other liquids was for the 
first time discovered and studied by G. Bredig and used 
for pulverizing of metals and preparing colloidal solu- 
tions of same. The first experiments of this kind were 
(1808)). in 1898 (Zeitschrift fir angewandte Chemie, 951 
_ Experiments on pulverizing electrodes by arc burning 
in a liquid medium were later on made by Swedberg, 
Billiter, W. Ostwald and other investigators. The burn- 
ing of the arc in different liquids is used since that time, 
for instance, in order to obtain colloidal solutions of dif- 
ferent matters. 

While the arc is burning in the liquid, the vapors of the 
electrode metal are coming into contact with the sur- 
rounding water and consequently condense into very 
fine particles, floating in water and forming colloidal 
solutions of the metal or its oxides. Iron and aluminum 
oxidize and their oxides form colloidal water solutions. 
Many non-metallic substances introduced into the arc 
and turned by the arc into vapor inside a liquid medium 
may also be subjected to a similar pulverization, col- 
loidal water solutions being formed. 


























The possibility of under-water arc welding has ap- 
parently never been investigated before. For the per- 
forming of experimental work at the laboratory a square 
3-mm. sheet iron tank was made with its upper end open. 
At the beginning of the experiment the tank was filled 
with fresh water, pipe or salted (2% of salt) water, the 
latter replacing natural sea water. There being an out- 
let pipe, the water in the tank could be made running. 
An iron welding table was set at the bottom of the tank, 
and a wire from the source of the welding current was 
joined to it. The object of the welding was put on the 
table. The electrode with the holder was plunged into 
the water. The general disposition of the experimental 
equipment is shown by Fig. 1. 

A set with a welding current up to 300 amp. served as 
a source of welding current for working with a direct 
current arc, while for the work with an alternating cur- 
rent arc a welding transformer with a current up to 250 
amp. was used. The welder would put on long, up-to- 
the-elbow rubber gauntlets before work. No helmet 
or face-shield was used for the welder as the water layer 
reduced the arc radiation to the extent of eliminating 
any detrimental influence on the welder’s eyesight, in 
transitory laboratory experiments at least. 

The very first experiments with ordinary thin-coated 
electrodes displayed the possibility of the drawing of the 
arc inside the water between a steel electrode and the 
object of welding, the arc being fed by a normal welding 
machine. A certain amount of training done, the welder 
succeeded in keeping the arc burning for a few seconds, 
but not in obtaining the process of normal welding with 
a proper bead laid on. At the places affected by the 
arc at the surface of the plate small cavities were ob- 
served in the base metal which bore signs of smelting, 
as well as separate drops of deposited metal not cohesive 
with one another and badly cohesive with the base ma- 
terial. Bare and fluxed with different coatings, mild 
steel electrodes of various diameters were successively 
used, the results not proving satisfactory. Some more 
or less satisfactory results were obtained by using cer- 
tain kinds of thick-coated mild steel electrodes, the coat- 
ing containing iron oxides. This made us start a re- 
search after a special coating for under-water welding. 
Our experiments proved successful. Electrodes of mild 
steel, containing 0.13-0.2% of carbon, were used. The 
coating was multilayer. The first layer was prepared 
of chalk powder mixed with a water solution of liquid 
glass, the following layers consisting of a fine powder of 
iron oxide mixed with 2% of magnesium carbonate that 
was also mixed with a water solution of liquid glass. The 
experiments proved the good quality of such electrodes 
and subsequent experiments were made with electrodes 
of our own making. The coating of the electrodes was 
done by plunging them into an adequately composed 
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Fig. 2 





Fig. 3 


paste and by subsequently drying them at a surround- 
ing air temperature. 

The electrodes, however, proved unsuitable in sea 
water and had to be coated with spirit-shellac varnish 
after the coating had been dried. This was necessary 
because there would begin a vigorous electrolysis when 
a non-varnished electrode would be plunged into salt 
water. The electrolysis would disintegrate the coating 
and make further work utterly impossible. 

The varnishing of the surface of the electrode was done 
by plunging it into an adequately composed solution. 
After varnishing, the electrode was dried. The varnish- 
ing of the surface of the electrodes makes the coating 
watertight and non-hygroscopic, which conditions, as 
shown by further experiments, are absolutely necessary 
for welding in sea water. The varnishing of electrodes 
improves the working conditions in fresh water as well, 
and consequently may be recommended for all cases of 
under-water welding. 

The experiments were made chiefly with direct cur- 
rent welding, with alternate current having shown a far 
less stability for the very simple reason of the extinction 
of the arc when the value of the current is equal to zero. 
The welding is performed easier at normal polarity (elec- 
trode negative), and with this polarity our basic experi- 
ments were made, although experiments using a reverse 
polarity are possible. 

Electrodes of different diameters—from 3 to 7 mm.— 
were tested. In order to obtain a stable, arc electrodes 
of a diameter not less than 4 mm. should be used. In 
experiments where direct current and normal polarity 
were used, and the electrodes were of our own make, the 
following welding conditions proved optimum: 


Diameter of Welding Working Open Circuit 


the Electrode, Current, Voltage, Voltage, 
Mm. Amp. Volts Volts 
7 190-210 35—40 85-95 
5 160-180 30-35 80-85 
150-175 28-30 75-80 








The 150 amp. value of the welding current is a mini- 
mum and, if diminished further, does not provide a 
proper bead. 

As is shown in the table, the value of the welding cur- 
rent does not change essentially as the diameter of the 
electrode. changes, and the working voltage i; 10-15 
volts higher than during air welding. 

After having acquired certain skill, the welder could 
keep the arc burning stably about as easily as in the air 

The examination of the electrode end after the burning 
of the arc showed that the metal of the electrode melted 
a little sooner than its coating; the electrode end had a 
form of a cup surrounded by a projecting border of the 
coating. This facilitated the work when visibility was 
not good enough. The welder could work by “groping”’ 
or touching the surface of the object of welding with the 
edge of the projecting border of the coating from time 
to time, thus regulating the length of the arc within 


Fig. 4 Fig. 6 





























Fig. 5 (Center) 


Fig. 7 (Lower) 
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Fig. 8 Fig. 12 





Fig. 9 


necessary limits. If the length of the arc and the speed 
of the motion along the weld were normal, the welder 
obtained a bead, quite good from the outside. A narrow, 
as well as a widened bead, could easily be obtained if the 
electrode were moved in a zigzag way. There was in- 
tense pulverizing action of the under-water arc upon the 
base metal. Apparently, the relative melting of the base 
metal was performed sooner in under-water welding than 
in air welding, while the melting of the electrode and the 
deposit of the electrode metal proceeded slower in under- 
water welding. The cutting activity of the arc was also 
higher, hence, any accidental impediment of the arc 
might cause a cut through the material or the burning of 
holes in it much more readily than would be possible in 
an air welding with the same value of current. 

The water surrounding the arc was in a state of in- 
tense turbulence. Rather big gas bubbles rose to the 
top and sometimes burned on the surface without ex- 
ploding. They obviously contained hydrogen. A tur- 
bidity of the material pulverized by the arc was formed 
around the arc and soon the water became dark, the 
turbidity settling very slowly. The whirling of the 
water, the forming of gas bubbles and the colloidal tur- 
bidity over the arc made it practically impossible to dis- 
cern any details at the point of welding when it was 
watched from above as was the case in our experiments. 
Neither the arc, nor the electrode end, nor the outline of 
the weld could be seen. The whole welding zone blended 
into a dim, light, moderately bright envelope flame which 
rrr be looked at with a naked eye without tiring the 

tter. 

The brightness of the envelope flame may be judged, 
to a certain extent, by Fig. 2, presenting experimental 
welding. The radiation of the arc is reduced by the 
water layer to an extent of apparently doing away with 
any danger for the welder. The welder never protected 
his eyes during the work. 

Our attempts at improving the visibility in some way 
or other proved unsuccessful, and it is obviously practi- 
cally impossible for the welder who is outside the water 
and watches the process from above to obtain a proper 
visibility. It is however supposed, and with reason, 
that if the welder is in the water, wearing a diving dress, 
and if he watches the arc from a side or from below, he 
Can see the welding much better. This assumption, 
which could not be proved under laboratory conditions 
was fully confirmed later on under conditions of ordinary 
Practice, when the work was fulfilled by welder-divers 


in the sea. It is practically very difficult to place the 
welder into water to fulfill under-water work if the depth 
is not great enough. We had, therefore, obviously to 
continue with the bad visibility of the welding. Under- 
water welding may be more or less satisfactorily fulfilled 
even with a bad visibility in many occasions. Some- 
times the welder can feel the direction of the seam with 
his unoccupied left hand or use a template for directing 
the electrode. A projecting part of the weld, for in 
stance the edge of the upper sheet of an overlapping weld, 
may often be very useful for directing the process. We 
managed to weld overlapping seams successfully under 
laboratory conditions, using the upper edge as directing, 
but butt-welds were made with a great deal more diffi- 
culty, the welder, as a rule, losing the direction of the 
weld and wandering away from the centerline. 

One of the most convenient tasks under bad visibility 
is the overlapping of a patch consisting of a piece of. iron 
sheet laid on a gap or crack, as is shown by Fig. 3. 

Besides welding in a flat position we made experiments 
on vertical and overhead under-water welding. These 
kinds of welding proved fully possible, and their fulfill 
ment did not present any special difficulties. Welding 
on vertical surfaces is possible in all directions; the depo- 
sition of upright fillets upon a vertical surface from the 
top downward is better than if welding in the opposite 
direction. Figures 4~9 show some samples of under 
water welding done by the laboratory: 

Figure 4—A deposited narrow bead; the thickness of 
the material is 5 mm., the electrode is made of mild steel, 
the coating is prepared by the laboratory, the diameter is 
7 mm., the value of the current is 200 amp. 

Figure 5—The same, a widened bead, a 4-mm. diam. 
of the electrode; the value of the current is 170 amp. 

Figure 6—The same; the bead is on a vertical surface, 
the thickness of the material is 10 mm., the diameter of 
the electrode is 4 mm., the value of the current is 180 
amp. 

Figure 7—The same; the diameter of the electrode is 
7 mm; the value of the current is 230 amp. 

Figure 8—A corner welding of plates; the thickness 
of the material is 5 mm., the diameter of the electrode is 
7 mm., the value of the current is 200 amp. 

The accomplished beads and welds were subjected to 
some investigations by us. 

The hardness test showed the following average 
figures for several samples: 

Base metal—117 (Brinell) 

Deposited metal—164 (Brinell) 

(The work was done with mild steel electrodes.) 

These data show that the hardness of the deposited 
metal increases but remains within allowable limits and 
should not arouse any fears. The density of the depos 
ited metal was tested by X-raying. The X-rayed samples 
proved to’ be denser than is usual for air welding. One 
of the X-ray photos, showing the density of the deposited 





Fig. 10 Fig. 1 
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metal and a minimum amount of pores and inclusions, 
can be seen on Fig. 9. The density testing of some welds 
by moistening them with petroleum presented success- 
ful results. 

The technological test was made by bending a 10 mm. 
thick plate together with the deposited bead set perpen- 
dicularly toward the axis of the bend. The first cracks 
appeared when the angle of bending was 70-90°. 

The strength of the welds was determined by tensile 
tests of 3 samples of 50 mm. wide bars joined by a two- 
side lap weld. 








The Results of the Strength Tests 


Thick- 
No. ness of Height 
of the Ma- Weld of the Breaking Ultimate 
the terial, Length, Fillet, Load, Strength, 
Sample Mm. Mm. Mm. Kg. Kg./Mm.? 

1 4 50 2 3550 17.5 

2 6 50 4 6125 15.3 

3 6 50 | 3.4 9400 27.6 








The difference of the results displays that the bad 
visibility under the conditions of our experiments pre- 
vented the welder from acquiring efficient experience to 
make welds of similar strength. 

The low strength thus obtained may, nevertheless, be 
considered satisfactory for a number of wreck repair 


works, for blocking up gaps, for under-water work, for - 


salvage work, etc. Greater strength welds can un- 
doubtedly be obtained if visibility is improved, for in- 
stance, if there is a welder-diver. 

The investigation of the macro- and microstructure 
of the deposited metal gave very good results. The 
polished cross section of the bead, if watched through a 
magnifying glass, does not seem to contain any pores, 
inclusions or signs of poor penetration. 

The line of fusion of the deposited and the base metal 
was utterly unnoticeable before the etching of the pol- 
ished section. 

Figure 10 shows the microstructure of the zone of 
fusion of the deposited metal and the base metal 180 
times enlarged. The finer structure is that of the base 
metal. Figure 11 shows the structure of the base metal 
180 times enlarged. These photos show clearly the good 
quality of the deposited metal. 

We made four basic experiments in fresh water. 
Afterward we began welding experiments in sea water, 
instead of which we took a 2% salt solution. 

For welding in sea water the coating of the electrodes 
had to be made watertight enough. This was obtained 
by varnishing the surface with spirit shellac varnish. 
After varnishing, the electrodes were thoroughly dried. 
Electrodes thus varnished proved to be quite stable in 
sea water; the disintegration of the coating was elimi- 
nated and the process of welding was performed about 
in the same way as in fresh water. 

We suppose that welding in sea water under practical 
conditions would not be too difficult as compared with 
welding in fresh water. Later on we deemed it conveni- 
ent to use varnished electrodes in welding in sea water 
also. It can be easily noticed that the melting and cut- 
ting activities of the arc are more intense in under-water 
welding than in air welding. Hence, it is only natural 
to expect the metallic arc to be fit for under-water cut- 
ting. Our experiments have proved this assumption; 
the under-water cutting of sheet iron is performed quite 
easily, a relatively clean cut being obtained. Holes are 
easily cut, for instance, through 10-mm. sheet iron, the 


diameter of a hole being only a little bit larger than that 
of the electrode. We experimented with a carbon arc 
also. Amorphous carbon electrodes of a 12-mm. diam. 
were taken, the value of the current being about 300 
amp. and the voltage of the arc 40-50 volts. We ob- 
tained a stable burning of the carbon arc under water. 
Under-water cutting by a carbon arc and welding without 
supply of filler metal is quite practicable. A sample 
weld by a carbon arc under water is shown by Fig. 12. 
Two iron plates 3 mm. thick are corner welded, the edges 
being smelted without filler material. The welding is 
done by a carbon electrode of a 12-mm. diam., the value 
of the welding current being 300 amp. and the voltage 
on the are 45 volt. The carbon arc welding was per- 
formed with direct current and straight polarity. Car- 
bon arc welding with filler metal proved extremely diffi- 
cult under the conditions we had, owing to the bad visi- 
bility of the welding place, which is the main obstacle of 
the metallic electrode welding as well. 

The visibility of carbon arc welding will in all prob- 
ability be better and it will be possible to perform the 
welding with adding filler metal into the arc if there is a 
diver-welder. A proper kind of carbon or graphite elec- 
trodes that will stand rapid changes of heat without disin- 
tegration should be chosen for under-water welding. 

The experiments performed by the laboratory demon- 
strated the possibility of under-water electric arc welding 
under laboratory as well as practical conditions. 

The following applications of under-water welding 
may be of practical mterest: 

1. Welding at a considerable depth in sea or fresh 
water performed by diver-welders. Under-water ship 
repair, lifting of sunk ships, repair and erecting of the 
under-water part of different hydrotechnical construc- 
tions, etc. 

2. Welding at an insignificant depth, the welder 
working without a diving dress. Repair of damages of 
bodies of ships when the work is done inside the body. 

3. Welding of details plunged into water on purpose. 
This method of welding differs essentially from the ordi- 
nary air welding. First, the influence of the atmos- 
pheric air upon the molten metal is eliminated. Second, 
owing to the intense cooling influence of the water upon 
the welding zone, the volume of the thermic influence 
zone diminishes and so do the shrinkage stresses and 
deformations. These peculiarities of under-water weld- 
ing may be of great interest in special cases of welding. 

Hereby we are summing up the results of our work: 

1. A metallic and a carbon arc can burn stably enough 
in fresh and sea water at different depths. 

2. It is fully possible to perform arc welding and cut- 
ting under water and to obtain good results. 

3. A metallic arc burns stably enough and produces 
a normal deposit of metal only if special, coated elec- 
trodes are used. The coating of the electrodes for under- 
water welding may be of various chemical compositions, 
but two absolutely essential conditions must be provided. 

(a) The layer of the coating must be thick enough. 

(b) The coating must be watertight, which property 
can be acquired by varnishing the surface of the coating 
among other methods. 

4. Best under-water welding results are obtained 
when the arc is fed by direct current. 

5. The welder may not wear any diving dress when 
the work is being performed at an insignificant depth. 
The main difficulty in under-water welding is the bad 
visibility of the welding place. 
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The Effect of Heat 
Treatment of Welds 


By L. W. SCHUSTER 


HE Institution of Mechanical Engineers has issued 

the first report of the Welding Research Committee 

prepared by L. W. Schuster. From this report 
we are publishing the following passages which have been 
printed in The Engineer. 


Object of the Research 


The Committee has on its program a study of the vari- 
ous effects that heat treatment has on welded pressure 
vessels, and among these is the effect on the mechanical 
properties and the structure of the weld metal. It is 
realized that a study of this effect will be a complex mat- 
ter on account of the large number of variables, such as: 

1. The carbon and manganese content. 

2. The quantity of any special elements present. 

3. The amount of dissolved gases, especially oxygen 
and nitrogen. 

4. The number of “runs” of metal and their depth. 

5. The heat energy given by the arc to the metal, 
and the conditions governing deposition. 

6. The plate thickness and size. 

7. The difference in the rate of cooling of the metal 
during heat treatment. 

On account of these variables and the lack of uniform- 
ity in the method adopted in preparing specimens, past 
results have led to much difference in opinion on the 
effect of heat treatment on the mechanical properties of 
welds, and it was considered that an immediate investi- 
gation to ascertain the effect was likely to lead to results 
apparently contradictory and difficult to analyze. To 
assist the separation of the variables and to allow of the 
interpretation of results with greater confidence it was 
decided that a preliminary investigation was first re- 
quired, in which a series of specially prepared electrodes, 
with cores of graded composition and coverings that 
gradually reduced atmospheric contamination, should 
be used. The welds were to be designed specially and 
made under known conditions in plate of standard qual- 
ity, and the tests were to be made on the individual runs 
of metal. 

Such a preliminary investigation would be abnormally 
lengthy and costly if a full range of mechanical tests were 
employed, and great difficulty would be experienced in 
cutting out specimens of suitable size from the various 
runs of metal. The conclusion was, therefore, reached 
that for such a series of tests the Izod test, coupled with 
metallurgical examination, would probably give very 
useful information—that is, if results showed that this 
form of test could be relied upon to give consistent figures. 

To test the suitability of the proposed procedure, it 
was decided to experiment first on a trial set of welds 
prepared with a single electrode, and the results obtained 
furnish the object of this report. The investigation is 
being continued and the scope extended to plates welded 
with the full range of electrodes. 


Explanatory Note 


In order to make clear the reason for the procedure 
adopted, the following points should perhaps be men- 


tioned. A fusion weld is the result of the deposition of 
several runs of metal; the top run, being cooled from the 
molten state, has a comparatively coarse structure, and 
the whole or a large part of the lower runs being refined 
under ideal conditions, has, in general, an exceedingly 
fine structure. It is clear, therefore, that the effect of 
heat treatment may be very different at the various 
parts of a weld. 


Design of Welded Plates 


To separate the runs of metal, two methods of welding 
plates were adopted, a set of specimens being cut from 
each plate, away from the edges. The methods adopted 
were: 

1, Form A designed to represent the coarse metal of 
the top run only. 

2. Form B designed to represent the fine metal of the 
lower runs. 

In addition, to ascertain whether the test figures from 
the top run of metal would change if the rate of cooling 
of the welded plate was retarded, the form A specimens 
were welded in two different manners: 

(a) With the plate cold, as in normal practice at the 
commencement of welding. 

(6) With the plate preheated, to represent a plate 
which has become very hot when welded. 


Form of Izod Specimen 


For current practice to be truly represented, the 
method of manufacture kept simple and the cost of 
welding kept low, an Izod specimen with a greater depth 
than about '/, mm. was not feasible. The actual speci- 
mens adopted for trial were 10 mm. wide by {5 mm. deep, 
and the depth of notch, though otherwise standard, was 
1 mm., the standard (120 ft.-lb.) Izod machine being 
used. Though the specimens are not standard, the 
results are obviously comparable with one another. A 
particular object of the tests was to establish whether: 

1. Reasonably consistent results are given by similar 
specimens. 

2. The particular form of specimen makes it pos- 
sible to discriminate, with sufficient sensitiveness, be- 
tween the various degrees of toughness that can be in- 
duced in a given weld. 


Type of Electrode 


For the trial series a high-grade covered electrode was 
used. It was covered with a heavy coating of iron oxide 
and silica in a proportion giving an acid slag, a half 
lap coating of white asbestos being used for convenience 
of manufacture. Among other ingredients the coating 
contained ferro-manganese for deoxidizing and adding 
manganese synthetically to the weld metal. The core 
was of the usual mild steel, containing about 0.12% of 
carbon and 0.5% of manganese. 


Heat Treatment 


Heat treatments were carried out at 600, 650 and 920° 
C. With the high-temperature treatment especially 
it was realized that the rate of cooling is a vital factor in 
affecting the structure of weld metal and the Izod re- 
sults. For this reason, cooling was carried out at several 
different rates, which were kept strictly under control, 
under conditions that lent themselves to ready repro- 
duction if required for future series of tests. 


General Remarks on Quality of the Metal 


The weld metal was remarkably clean and free from 
slag, and in only one instance was there evidence that 
an Izod result was affected by defective metal. In 
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general, only a few minute oxides were seen under the 
microscope. The high specific gravity of the weld metal, 
7.87, gives evidence of the general soundness of the 
metal. 


Analysis of Weld Metal 


Analysis showed 0.020% of nitrogen and 0.078% of 
carbon, the drillings beng taken just away from one end 
of a weld. Though the nitrogen content is small, the 
micro-structures show that this lay partly in the pearlite. 
The manganese content varied between 0.24 and 0.32%. 
There was insufficient material available for further 
analysis but a similar weld described in an Appendix was 
free from molybdenum, chromium, nickel, titanium, 
vanadium, zirconium, xerium or uranium elements that 
might have been added synthetically from the covering 
of the electrode. 


General Comment on the Consistency of the 
Izod Results 


The consistency of the figures obtained from similar 
specimens is highly satisfactory; from all the sets of 
specimens treated any difference in result was of moment 
on two occasions only. The difference that then oc- 
curred would seem to be due to local variability in the 
quality of the metal. Be that as it may, the consistency 
of the results exceeded expectations, and the percentage 
variations were no more that have been found from tests 
on welds made with specimens of standard size. 

Again, the sensitivity of the specimens is satisfactory, 
‘a ratio of 10 to 1 being obtained with the heat treatments 
adopted. 

Even though shallow Izod specimens may be unsuit- 
able in commercial steels with a comparatively large 
grain size and possibly comparatively large slag inclu- 
sions, this does not necesgarily apply to weld metal (even 
to an outer run) that may be considered coarse for weld 
metal; weld metal has a considerably smaller grain size 
than that usually found in a mild steel forging, and the 
amount of included non-metallic matter when the weld is 
clean is smaller than that in the usual commercial steel. 
If, when a weld is tested, slag is visible at the surface of 
fracture, the test results would be valueless, and should, 
of course, be neglected. 


Conclusions (Not Necessarily Applicable to Other 
Welds or Other Forms of Test) 


1. The consistency of results representing similar 
specimens and the large difference between results given 
by dissimilar specimens testify that the form of speci- 
men used was suitable for the purpose. No indication 
was given that the Izod test is other than suitable for 
showing changes that heat treatment may bring about 
in weld metal. 

2. The shock value of the top run is considerably 
less than that of the lower runs. 

3. The exceedingly good shock value obtainable in 
the bottom runs of a good quality weld metal is largely 
due to the very fine-grain structure induced when the 
weld is suitably made. Such a fine-grain size can be 
induced in the top run only by a form of treatment that 
cannot be carried out practically. 

4. Ifthe best results are to be given after a heat treat- 
ment at 900° C., the rate of cooling must be as rapid as 
possible. This applies to all the runs of metal, but espe- 
cially to the toprun. Although with a reduction in the 
rate of cooling, there is a falling off in the Izod value of 
a plain carbon steel, the reason is different when nitroge- 
nous weld metal almost free from carbon has a lowered 
value. Not only with a slightly retarded rate of cooling 


does any nitrogenous pearlite, present in the austenitic 
or partially austenitic form, change to the pearlitic form 
and do needles come of solution in a supersaturated fer- 
rite, but, with still slower rates of cooling, the nitrogenous 
pearlite is partially replaced by needles. 

5. Ifthe metal of the lower runs is heat treated above 
the upper critical range and the rate of cooling is suf- 
ficiently rapid, the original nuclei of the grains are not 
destroyed, and neither is the grain size increased nor the 
Izod value lowered. If, however, the rate of cooling is 
slow, the very fine initial grain size is increased and a 
falling off in the Izod value of the lower runs is expected 
from this cause alone. 

6. A consideration of, say, a heat treatment in which 
the rate of cooling is of about the same order as that of 
a moderately heavy welded part cooled in air from 900%, 
shows that the Izod value of the top run improves mark- 
edly, but that the metal of the lower runs behaves in 
opposite fashion. The treatment might therefore well 
result in a fall in the value given by the usual composite 
weld in a '/:-in. plate. An advantage would, however, 
lie in the fact that the coarse metal of the top run, or of 
a backing run at the bottom, i.e., of either of the parts 
exposed to the greatest bending stress, will be made 
tougher by the treatment. 

7. On the other hand, treatment in which the rate of 
cooling is quicker and corresponds with that of a small 
part, shows that the top run receives a greater benefit 
than that just described, and that the lower runs are 
not depreciated. The treatment is therefore of benefit 
in so far as the shock value is concerned. (A weld, con- 
sisting of three runs, made by a different operator with a 
similar electrode in a '/s-in. plate, gave 13.5 and 9 ft.-Ib. 
when as received, and 56 and 60 ft.-lb. when normalized 
with a standard 10-mm. notch. Though the composition 
of the metal was not identical with that of the metal 
under review, and the results are for this reason not 
strictly comparative, they lend strong support to the 
conclusion just given.) 

8. Where a joint is massive or the depth of the runs 
excessive, the bottom portion of one or more of the lower 
runs is, when welded, not necessarily refined to its full 
depth. It can be concluded, therefore, that a weld in 
such a part when heat treated at 900° C. has the residual 
coarse structure removed. For this reason, if the art.cle 
were cooled at a slower rate, benefit might well be con- 
ferred upon the lower runs as well as the top run. 

9. A mild heat treatment at 600° C. for one hour 
followed by a rate of cooling which is of the same order 
as that occurring when a moderately heavy welded part 
is cooled in air, has no effect on the shock value of either 
the top or the lower runs of this weld metal. Such a 
treatment would, however, be sufficiently drastic to 
remove an appreciable proportion of the internal stress 
in a part of medium size. 

10. A prolonged heat treatment at 650° C., followed 
by a slow rate of cooling, causes a small loss in the Izod 
value of all the runs. It is to be concluded, therefore, 
that when a large article is given a low-temperature heat 
treatment to relieve stress there may be a small falling 
off in the Izod value of this particular weld metal, but 
that this will not be serious. The metal of an outer run 
will, however, remain as coarse as it was originally. 

11. In the practical application of those conclusions 
it is to be borne in mind that with a higher nitrogen con- 
tent the changes in structure may well be more marked 
than those shown by this weld. With quick rates ol 
cooling there might be a greater tendency for the nitroge- 
nous pearlite to be retained in the austenitic phase, and 
with rates of cooling not too quick, a greater tendency for 
needles to form. 
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Tensile Tests of 


Welded and Riveted 
Structural Members 


By R. P. DAVIS and G. P. BOOMSLITER 


+Paper to be presented at Fall Meeting, A. W. S., Detroit, 
October 2nd to 6th, by R. P. Davis, Dean, and G. P. Boom- 
sliter, West Virginia University. Contribution to Funda- 
mental Research Committee, A. B. W. 


Object of Investigation 


HE object of this investigation was to determine the 

strength of tension members composed of angles 

with both welded and riveted joints. The effect 
of these two types of joints on the distribution of stress 
over the cross section of the member, especially at stresses 
below the elastic limit, was of particular interest. 

The specimens tested included: single angles, two 
angles on same side of connecting plate, two angles with 
connecting plate between, two angles with two connecting 
plates and four angles with two connecting plates. These 
types are extensively used in structural work, the first 
three types, for example, being used in the bracing sys- 
tems of truss bridges and the last two for lower chord 
sections. The detailed designs of these members are 
shown on Plates 1 and 2, while Figs. 4, 5, 6 and 7 illus- 
trate half-tone views of the specimens after failure. 


Acknowledgments 


All specimens, including jaws and pins, were fabri- 
cated and furnished by the Fairmont Mining Machinery 
Company of Fairmont, West Virginia. -Grateful ac- 
knowledgment is here made for their generous coopera- 
tion. 
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Description of Specimens 


The details of the riveted specimens are shown on 
Plate 1 and of the welded specimens on Plate 2. The size 
of angles in all cases was 3 x 3 x °/ig in. The distance 
center to center of pinholes was 3 ft. 8'/, in. A greater 
length would have been desirable in order to more closely 
conform to actual construction, but the limit of head 
room in the testing machine made this impossible. 

In the riveted specimens the rivets were placed along 
the standard gage line, which for a 3-in. leg is 1*/, in. 
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Fig. 1 





Fig. 2—W-1 in Position in Testing Fig. 3—R-4in Position in Testing 
Machine Machine 


from the back of the angle. The number of rivets 
used in each joint was figured as in engineering practice, 
based on the following assumption: (1) that the effective 
area of a single-angle tension member or of each angle of 
a double-angle tension member, in which the angles are 
connected back to back on the same side of a gusset 
plate, is assumed as the net area of the connected leg 
plus half the area of the unconnected leg; and (2) that 
the effective area for double-angle tension members con- 
nected with the angles back to back on opposite sides 
of a single gusset plate and for angles connected with 
separate gusset plates, is assumed as the full net area 
of the angles. 

Except in the case of the specimens composed of two 
angles on the same side of a single gusset plate, the load 
was applied, in the case of the riveted members, along 
the rivet line rather than along the gravity axis, since 
this conforms to current practice in riveted work. 

Six riveted specimens were tested, namely, R-1, R-1A, 
R-2, R-3, R-4 and R-5. Members R-|1 and R-1A were 
identical, being composed of a single angle. Member 
R-2 was composed of two angles back to back and on the 
same side of the connecting plate, while R-3 was com- 
posed of two angles back to back and on opposite sides 
of the connecting plate. Members R-4 and R-5 were 
double-webbed specimens, R-4 having two angles inside 
the connecting plate and R-5 having four angles, two 
inside and two outside the plates. 

The number of rivets used was based on unit shearing 
and bearing values of 12,000 and 24,000 Ib. per sq. in., 
respectively, and an allowable unit tensile stress in 
the member of 16,000 Ib. per sq. in. 

On this basis the design strength of each angle of speci- 
mens R-1] and R-2 was 17,000 Ib., the effective area being 
1.065 sq. in., after deducting from the cross section one- 
half the area of the outstanding leg and also the cross- 
sectional area of a ‘/s in. hole. The effective area of 
each angle of R-3, R-4 and R-5 was 1.51 sq. in., giving a 
carrying capacity for each angle of 24,000 Ib. 

In all cases shear governed the required number of riv 
ets. Four rivets were required for R-1, 8 rivets for R-2, 
5 rivets for R-3 and 10 rivets for R-4 and R-5. 

The welded specimens differed from the riveted ones 
only in the type of connection. The welds were so de- 
signed that the center of gravity of the weld coincided 
approximately with the gravity axis of the member par- 
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Fig. 4—Front View of Welded Specimens after Failure 





Fig. 5—Front View of Riveted Specimens after Failure 


allel to the outstanding legs. The load was applied 
along this gravity axis. 

In Fig. 1 let @ equal distance from back of angle to 
gravity axis, d equal width of leg, /,; equal length of weld 
along outer edge of leg, /, equal length of weld along back 
of leg and L equal total required length of weld; then 
to have the gravity axis of weld coincide with gravity 
axis of member, 


l, = L(d—a)/d 
and 
l, = La/d 


All welds of angles to plates were °/i, in. and were de- 
signed on the basis of 2500 Ib. per lin. in. with a '/,-in. 
allowance at ends of welds. 


Method of Testing Specimens 


All specimens were tested in a 400,000-lb. capacity Ol- 
sen Universal machine. The jaws and pins used are de- 
tailed on Plate 1. Figures 2 and 3 show two specimens 
as they appeared in the testing machine. The jaws were 
wedged into the heads of the testing machine and the load 
was transmitted from these jaws into the specimens by 
means of pins extending through holes in the jaws and 
in the gusset plates. 

In the case of those specimens composed of single angles 
or of two angles on the same side of gusset plate, the 
test pieces were so placed that the load was applied along 
the back of the angles. 

In order to study the elastic behavior of the specimens 
«-in. strain-gage holes were placed 10 in. apart so that 
a point half way between these holes coincided with the 
center of the length of the specimen. A Whittemore 
strain gage was used to measure deformations, these 
measurements being taken at three points on each angle, 


3 


one near the junction of the two legs and one near the 
extremity of each leg. 

An initial load was applied to tighten the grips, after 
which the first strain gage readings were taken. Incre- 
ments of load were placed on the specimens and readings 
taken until the yield point was reached, after which the 
specimens were tested to failure. The load-strain curves 
are shown on Plates 3, 4 and 5, inclusive. 


Results of Tests 


Specimen W-1. See Plates 2 and 3 and Figs. 2, 4 and 6. 

This type is a single angle with welded joints. The 
ultimate load was 72,470 lb. Failure was due to tension 
in the weld, caused by the large distortion resulting from 
eccentricity of load application. 

Due to the eccentricity of applied load the stress was 
very unevenly distributed over the cross section of the 
angle. A part of the outstanding leg was in compression 
up to and probably somewhat beyond the elastic limit. 
(See Plate 3.) 


Specimen W-1A. See Plates 2 and 3 and Figs. 4 and 6. 

This type is the same as W-l. The ultimate load 
was 67,400 Ib. In order to see if the strength of the 
type W-1 could be increased by changing the position of 
the short weld, in W-1A the short length of fillet weld 
was placed near the end of the gusset plate instead of 
near the end of the angle. Due to an error in fabrication 
only one end was made as desired, the weld on the other 
end being made 6'/» in. in length along each bead. 

Failure was similar to that of W-1, occurring at the 
end with the shorter length of weld. 


Specimen R-1. See Plates 1 and 3 and Figs. 5 and 7. 
This type is a single angle with riveted joints. The 
ultimate load was 60,600 Ib. Failure was through the 
rivet hole nearest the end of gusset plate. 
The distribution of load over the cross section of the 
angle was similar to that of W-1, except that the increase 
of strain with load increment was not as uniform. 


Specimen R-1A. See Plates 1 and 3 and Figs. 5 and 7 

This was the same type as R-l. The ultimate load 
was 64,100 Ib. The character of failure was the same 
as that of R-1. The deformation diagram (Plate 3) is 
also quite similar to that for R-1 (Plate 3). 


Specimen W-2. See Plate 2 and Figs. 4 and 6. 

This type is composed of two angles back to back, 
welded to the same side of gusset plate. The ultimate 
load was 101,500 Ib. 

As shown in Fig. 6, failure resulted by the weld failing 
along the end of the angles. This is a poor type of 
member when using a welded joint because, owing to 
the impossibility of welding both sides of the angle, the 
gravity axis of the weld cannot be made to coincide 
with the gravity axis of the angle. This results in a 
twisting action, which is clearly shown by the tendency 
of the two angles to separate. 

The effect of this eccentricity is not so marked at loads 
below the elastic limit. This is probably due to the 
end weld taking most of the load. The ultimate load 
would doubtless have been considerably increased if the 
outstanding legs of the two angles had been connected 
by spot welding. 


Specimen W-2A. See Plates 2 and 3 and Figs. 5 and 7. 

This type is similar to W-2, except that a weld was 
placed connecting the end of the gusset plate to the back 
face of one leg of each angle. It was thought that this 
weld acting with the one parallel to it at the end of the 
angle would create a resisting couple to offset the mo 
ment due to eccentricity. 
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The ultimate load was 147,000 Ib., nearly fifty per 
cent increase over the strength of W-2, which indicates 








the correctness of this assumption. Failure was in the 
weld along the back edge of the angle. 
Specimen R-2. See Plates 1 and 3 and Figs. 5 and 7. 

This type is composed of two angles back to back, 
riveted on the same side of gusset plate. The ultimate 
load was 122,000 Ib., failure resulting from a break in 
the angles through the rivet holes nearest the end of 
gusset plate (Fig. 7). 

The elastic deformation of the fibers is quite similar 
to that of the welded specimens, in all cases the outstand- 
ing legs being in compression. The stress in the riveted 
legs seemed to be uniformly distributed. 


Specimen W-3. See Plates 2 and 4 and Figs. 4 and 6. 

This type is composed of two angles back to back, 
welded on opposite sides of the gusset plate. The ulti- 
mate load was 176,000 Ib., failure being in the angles, as 
shown in Figs. 4 and 6. It is of interest to note the small 
twisting of the member as compared with specimens 
W-1, R-1, W-2 and R-2, due to the absence of load ec- 
centricity. 

As shown in Plate 4, the stress distribution was quite 
uniform. As would be expected the stress at the outer 
fibers of the outstanding leg is slightly less than in the 
other leg. 

Specimen R-3. See Plates 1 and 4 and Figs. 5 and 7. 

This type is composed of two angles back to back, 
riveted on opposite sides of the gusset plate. The ulti- 
mate load was 133,450 Ib., failure resulting from a break 
in one angle through the rivet hole nearest the end of 
the gusset plate, as shown in Fig. 7. 

The effect of the rivet gage line being off the gravity 
axis parallel to the outstanding leg is clearly shown on 
Plate 4, the strain of the fibers along the outside edge 
of the connected legs being over four times the strain in 
the outstanding legs. The eccentricity of applied load 
was 1.75-0.89 = 0.86 in. 

The superiority within the elastic limit of the welded 
connection (Plate 4) is very apparent. For example, 
with a load of 60,000 Ib. the maximum strain for the 
riveted connection was more than twice that for the 
welded connection. The same ratio, however, will not 
obtain for the ultimate strength, since there is a pro- 
nounced tendency near the ultimate load for the speci- 
men to distort in such a manner as will lead to a reduc- 
tion in the eccentricity. 

Specimen W-4. See Plates 1 and 4 and Figs. 4 and 6. 

This type is composed of two angles welded to two 
gusset plates. The ultimate load was 175,900 Ib., failure 
being in the angles as shown in Figs. 4 and 6. The small 
amount of bending of the specimen at failure is to be 
noted. 

In this type of member the stress should be rather uni- 
formly distributed over the cross section, since there is 
no eccentricity of load with respect to the member as 
a whole. On Plate 4 there is shown a considerable 
variation of stress. On one angle (containing points 4, 
5 and 6), the stress is fairly uniform; but on the other 
(containing points 1, 2 and 3), the stress is quite variable. 
Specimen R-4. See Plates 2 and 4 and Figs. 3, 5 and 7. 

This type is composed of two angles riveted to two 
gusset plates. The ultimate load was 137,100 Ib., 
failure resulting from a break in one angle through a 
rivet hole nearest the end of a gusset plate. 

As shown on Plate 4, the stress within the elastic limit 
was very unevenly distributed. Owing to the load ap- 
plication of rivets being off the gravity axis parallel to 
the outstanding legs, points 1 and 6 are much more heav- 
ily stressed than other points on the cross section. 
Compared with W-4 (see Plate 4), the maximum strain 
for the same load is more than twice as much. 
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Why point 5 should have considerable stress while 
points 2, 3 and 4 are without stress is hard to explain. 
Specimen W-5. See Plates 2 and 3 and Figs. 4 and 6. 

This type is composed of four angles welded to two 
gusset plates. The maximum load carried was 327,000 
lb., but this did not represent the ultimate strength of 
the specimen, because one of the jaws broke at the above 
noted load, making it impossible to carry the test to 
the point of failure of the member. 

By looking at Plate 5, it will be noted that the fiber 
deformations within the elastic limit are not as uniform 
as might be expected considering the fact that there is no 
load eccentricity. It is to be expected that points 5 
and 12 would be stressed slightly less than those fibers 
along the attached leg. It is also reasonable to expect 
that points 8 and 9 would have somewhat less stress, 
although more than the fibers at points 5 and 12. These 
expectations are borne out by the tests. Why points 3 
and 4 should be more heavily stressed than points 1 and 
2 is hard to explain, except that there was a slight eccen- 
tricity in the pinholes. However, it was observed that 
in most of the tests with two gusset plates the load was 
not equally distributed to the two plates. 


Specimen R-5. See Plates | and 5 and Figs. 5 and 7. 

This type is composed of four angles riveted to two 
gusset plates. The ultimate load was 278,900 Ib., fail- 
ure resulting from a break in one of the. angles through 
a rivet hole nearest the end of a gusset plate. 

As shown on Plate 5, the stress within the elastic limit 
was unevenly distributed. Owing to the line of rivets 
and load application being off the gravity axis of the 
angles, points 1, 2, 3 and 4 were much more heavily 
stressed than the other points. Compared with W-5 
(Plate 5), the maximum strain at equal loads is more than 
twice as much. 

As would be expected, points 5 and 12 have the least 





Fig. 6—Side View of Welded Specimens after Failure 
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Fig. 7—Side View of Riveted Specimens after Failure 


stress, followed by points 8 and 9. In this test the load 
seems to have been well distributed between the two 
gusset plates. 


Discussion of Results 


In comparing welded vs. riveted connections the dis 
cussion will be divided between results at ultimate 
loads and results within the elastic limit. 

Ultimate Loads.—Table 1 summarizes the ultimate 
load results. 

Although members W-1, W-1A, W-2 and W-2A failed 
in the weld, it is probable that the ultimate loads repre 
sent, except in the case of W-2, very nearly the ultimate 
capacity of the angles. At the time of failure the speci 
mens were badly distorted and were elongating rapidly 
without increase of load, indicating an approaching fail 
ure. It is believed that stronger welds would not have 
materially increased the strength of the specimens. The 
excessive distortion (see Figs. 4 and 6), due to this elonga 
tion and to eccentricity of load application, resulted in 
an abnormal type of failure. 

As stated elsewhere the low load value for W-2 was 
due to the large eccentricity of the weld on the two indi 
vidual angles. 

In column 9 there is given the ultimate unit stress on 
the cross section based on a rivet hole deduction. On 
this basis there is not a great amount of difference be 
tween the unit strength of the welded members and the 
riveted members, the welded members being stronger 
just about in proportion to the larger area of cross sec 
tion by virtue of no deduction for riveted holes. 

Members W-3 and W-4 and probably W-5 are some 
what stronger than R-3, R-4 and R-5, respectively, even 
when the comparison is made on the basis of net section. 
This is probably due to the eccentricity of load applica- 
tion for the riveted members, since this load application 
is 0.86 in. from the gravity axis parallel to the outstand 
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Table 1 
1 2 3 4 5 6 7 8 9 10 
Ultimate Ultimate 
Ultimate Effi- Load, Lb. Load, Lb. Effi- 
Ultimate Load, Lb. ciency, Ultimate per Sq. per Sq. ciency, 
Load, per Sq. Per Load, In. Gross Effi- In. Net Per 
Member Lb. In. Cent Member Lb. Section ciency Section Cent 
W-l 72.470* 40,700* 71 R-1 60,600 34,000 60 40,200 70 
W-1A 67,400* 37,800* 66 R-1A 64,100 35,900 63 42,400 74 
W-2 101,500* 28,500* 50 
W-2A 147,000* 41,200* 72 R-2 122,000 34,200 60 40,400 71 
w-3 176,000 49,500 87 R-3 133,450 37,500 66 44,200 77 
w-4 175,900 49,500 87 R-4 137,100 38,500 68 45,400 79 
W-5 327,000T 46,000T 80 R-5 278,900 39,200 69 46,200 81 


* Failed in weld 
+ Not breaking load 








ing legs. The same eccentricity is present in members 
R-1, R-1A and R-2, but for these members the eccentric- 
ity about the axis parallel to the connected leg is such as 
to largely obscure its effect. 

Tests of the metal indicated the ultimate strength of 
the steel to be 57,200 lb. per sq. in. The efficiencies 
as given in Columns 4, 8 and 10 are based on this figure. 


Elastic Limit Values 


Referring to Plates 3 and 5, inclusive, it is seen that the 
load strain diagram for the most stressed fiber ceases to 
be a straight line at a deformation point of 0.01 in. in 
ten in., or a little higher, corresponding to a stress of 
30,000 Ib. per sq. in., or a little more, evidently the elastic 
limit of the material. 

For W-1 this occurs at a load of 25,000 Ib., for W-1A, 
30,000 Ib., for R-1, 25,000 Ib., for R-1A, 25,000 Ib., for 
W-2A, 60,000 Ib. and for R-2, 57,000 Ib. 

Assuming the elastic limit of the steel to be 30,000 
Ib. per sq. in. and the stress to be uniformly distributed, 
the load capacities at elastic limit would be as follows: 
W-1, W-1A, R-1, R-1A, 53,400 Ib.; W-2, W-2A, R-2, 
106,800 Ib. Dividing the actual loads carried at elastic 
limit by these theoretical loads, we get the following per- 
centage efficiencies: W-1, 47, W-1A, 56, R-1, 47, R-14A, 
47, W-2A, 56, and R-2, 53. 

In other words, for the types of sections tested, the 
effective area is equal to the area of the connected leg 
only. 

On Plate 3 the elastic deformation of the fiber at 
point 2 of R-1 is peculiar in that it elongates as a straight 
line up a load of 25,000 Ib., after which there is no addi- 
tional elongation for a considerable increase of load. 
The same phenomenon is observed on Plate 3 for R-2. 
This is probably due to rivet slip. It will be observed 
that in the case of R-1 and R-1A the fibers at point 2 
elongate the most, whereas in the case of W-1 and W-1A 
(Plate 3), the greatest deformations occur on fibers at 
point 2. This difference is due to the fact that for R-1 
and R-1A the load is eccentrically applied with reference 
to the gravity axis parallel to the outstanding leg. 

On Plate 3 for specimens W-2A and R-2, respectively, 
the effect of symmetry about the axis parallel to the 
outstanding leg is clearly shown. Here the fibers at 
points 2, 3, 4 and 5 have nearly the same tensile stress, 
while fibers at points 1 and 6 have nearly equal intensities 
of compression stress. 

On Plate 4 is shown the deformation curves for W-3. 
Here the stress is fairly well distributed over the cross 
section. At the elastic limit the load is 92,000 Ib. For 
an assumed elastic limit of 30,000 Ib. per sq. in. and a 





uniform distribution of stress the theoretical load capac- 
ity at elastic limit is 107,000 lb. Thus, the efficiency 
is 86 per cent. Hence, the effective area may be taken 
as the area of the connected leg plus approximately one- 
half the area of the unconnected leg. 

The riveted specimen R-3, which is of the same type 
of section as W-3, does not show nearly as satisfactory 
a distribution of stress as may be seen on Plate 4. This 
is probably due to load eccentricity causing much larger 
fiber elongations at points 1 and 6 than at other points. 
However, here a new phenomenon is presented. The 
load-deformation curves continue as essentially straight 
lines far beyond the deformation point representing the 
elastic limit for the specimens previously discussed. 

On the assumption that the 60,000-Ib. load represents 
the point at which the maximum intensity stress reaches 
the elastic limit, the type of section represented by R-3, 
using standard rivet-gage line as the load application 
line, R-3 is no stronger than R-2, which was shown to 
have an effective area of cross section equal to the area 
of one leg only. 

Owing to the small length of specimens, the elastic 
curves for W-4, W-5, R-4 and R-5 may not be typical of 
full-size members. Where the length of the member is 
small, for double-web specimens the inaccuracies of fabri- 
cation may amount to a considerable percentage of the 
elastic lengthening of the fibers, thus introducing large 
percentage errors; whereas, in full-sized members the 
inaccuracies are no larger than for short members and 
so, when expressed in terms of the total of the elastic 
deformations, are small. 

For example, for W-4 were the load equally distributed 
to the two gusset plates the elongation at point 2 would 
be equal to that of point 5, yet the former is twice the 
latter. 

Specimen W-4 (see Plate 4) has a much better stress 
distribution than R-4 (see Plate 4). In the case of W-4 
the elastic limit appears to be reached at a load of about 
80,000 Ib. Using the same method of analysis as for the 
previous cases we find an efficiency of 75 per cent. 

In the case of W-5 (see Plate 5), if the elastic limit is 
taken at an elongation of 0.01 in. in 10 in., the load is 
190,000 Ib. This results in an efficiency of 89 per cent. 

Any attempt to make deductions from the results on 
R-4, shown on Plate 4, is more or less speculative. How- 
ever, the elastic limit is perhaps reached at 64,000 Ib. 
With this figure the efficiency is 60 per cent. 

In the case of R-5 (see Plate 5) the elastic limit ap- 
pears to be reached at a load of 140,000 Ib., which results 
in an efficiency of 65 per cent. 

The following table summarizes the efficiencies of the 
various sections as given in the foregoing discussion: 
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the ultimate unit strength, whether welded or riveted, 
Efficiency eased a omy od 4 is about two-thirds to three-quarters the unit strength 

on the Miastic on the Elastic of the steel composing the section. 

Member Limit Member Limit 4. In tension members composed of two angles on 
w-1 47 R-1 47 opposite sides of the connecting plate, or of two angles 
W-1A 56 R-14 47 with two connecting plates, or of four angles and two 
hs 4 _s = connecting plates arranged as in these tests, welded joints 
Ww-4 75 R-A - 60 result in higher ultimate loads in pounds per square inch 
w-5 89 . RS 65 of net section than do riveted joints. 

With welded joints the unit strength is about 85 per 
Co ‘ cent and with riveted joints about 78 per cent, based on 
nclusions 


The following conclusions are necessarily subject to 
a number of qualifications and should only be read after 
a careful study of the foregoing report. 

1. In tension members composed of small angles the 
stress is not as uniformly distributed as generally as- 
sumed in specifications. 

2. In tension members composed of a single angle or 
of two angles on the same side of the connecting plate 
the ultimate strength of the member per square inch of 
net section is about the same for both welded and riveted 
end connections. Based on the gross section the welded 
member is stronger because of the greater effective area. 

3. In tension members composed of a single angle or 
of two angles on the same side of the connecting plate, 


the net section, and 68 per cent, based on the gross — 
section, of the unit strength of the steel. 

5. In tension members composed of a single angle or 
two angles on the same side of the connecting plate the 
elastic limit strength of the member is about the same for 
both welded and riveted connections. This is about 
one-half the elastic strength of the steel. 

6. In tension members composed of shapes as listed 
under (4) in these conclusions, the elastic limit strength 
where riveted connections are used is about 60 per cent 
of the elastic limit strength of the steel. 

7. In tension members composed of shapes as listed 
under (4) of these conclusions, the elastic strength where 
welded connections are used is from 75 to 90 per cent of 
the elastic unit strength of the steel. 





Successful Manganese 


Steel Welding 


By E. L. QUINN 


+P. read March 23rd Meeting of Chicago Section. 
Av. S., zB; L. Quinn, Welding Engineer, American 
Manganese Steel Company. 


T IS understood that discovery of manganese steel, 
“the toughest of known steels,’”’ resulted in an un- 
usual way. Robert A. Hadfield, a young man, was 

assisting his father in the management of his steel works 
in Sheffield, England, in 1882. He wished to produce a 
steel that would possess both hardness and toughness, 
a seemingly very difficult combination to bring about. 
Hardness usually implies brittleness and toughness 
means softness in ordinary metals, and for the purposes 
for which tough hard steel is required no steel known 
at that time or discovered since gives such a combination 
or meets such requirements as manganese steel. 

Hadfield’s experiments began with the immediate ob- 

ject of learning how the properties of iron and steel could 
be modified by additions of other metals, and he com- 
menced with the little-known metal manganese. Be- 
yond small percentages of elements other than carbon, 
little was known about alloy steels. The chief one of 
importance was Mushet’s self-hardening tool steel which 
had been produced and used in a limited way. However, 
it was even then known that manganese in small amounts, 





say, one or two per cent, was beneficial to steel, par- 
ticularly in forging processes. It was also known that 
when the percentage reached three or four the ductility 
of the steel disappeared, and a brittle, worthless product 
resulted. There seemed, therefore, little grounds for 
further experiment. 

However, Hadfield persisted, and in his first experi- 
ment on September 7, 1882, the amount of manganese 
added was from 10 to 14 per cent, or three or four times 
the quantity previously tried out. The result was a 
most remarkable metal and the forerunner of our present 
manganese steel. 

It was found that ingots containing 3 to 4 per cent 
manganese when forged gave a brittle compound as ex- 
pected; but in the case of 10 to 12 per cent, the material 
was quite hard and yet comparatively tough, bending 
considerably in the forged bar. On the 3 to 4 per cent 
material, the water-quenching when tried did not change 
its brittleness, while the bars of 10 to 12 per cent, 
quenched from a high temperature, bent double, cold. 

Hadfield was puzzled by this result and at first thought 
that the bars had become reversed, but chemical analysis 
showed that no mistake had been made. Therefore, 
the remarkable fact was at once outstanding that a new 
material had been discovered, known as manganese steel. 
Much work, however, remained to be done before 
practical applications of the steel could be made. The 
metal manganese was expensive. The very qualities them- 
selves of manganese steel presented difficulties. Steel, 
in general, can be cast and forged easily and finished to 
the proper size and shape by machining. While manga- 
nese steel can be successfully cast, in spite of difficulties 
not met with ordinary steel, it is more difficult to forge 
or roll; and machining by the usual methods is still not 
economical. These and other problems were patiently 
investigated and finally solved, so that today manganese 
steel is cast, forged, rolled, drawn and machined. 
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Machining, however, requires the use of special equip- 
ment, tools and technique. 

The original castings of manganese steel as made by 
Hadfield were exhibited before the British Institution of 
Civil Engineers in 1887. The first commercial use of 
manganese steel was in pins for dredge buckets forged 
from ingots in 1889 or 1890 in Sheffield. 

An exhibit by Hadfield in 1892 of such castings as 
wheels, shafts, chain links, plates and so on, shows that 
at that time, although on a small scale, the manufacture 
of manganese steel in England had become established. 

The first manganese steel castings in America were 
made in 1892, and since then the production has grown 
from a small tonnage of light castings to a yearly total 
of perhaps 100,000 tons of castings, forgings and rolled 
products combined, ranging in size from a chain pin, 
weighing a few ounces, to dredge tumblers, pump shells 
and crusher heads, weighing as much as 30,000 Ib. each. 

The United States Army Ordnance Department’s re- 
quirements as to analysis are: 


Ga oe 1.00 to 1.40% 
0 LEE AE 10.00 to 14.00% 
Phosphorus. ..maximum.. . 0.10% 


With this is required a heat treatment consisting of 
furnace heating to a temperature of about 1832 deg., 
followed by a water quench. Generally speaking, this 
analysis and treatment produce good manganese steel, 
and with no closer specifications than these, the physical 
properties will be about as follows, these figures repre- 
senting an average of nineteen tests conducted a number 
of years ago by commercial laboratories of our cast and 
heat-treated bars. 


TE I os eo nuns cnees es 108,460 Ib. 
SEOs 
| aa ok A 33.71% 
Reduction of area............... 38.56% 


Naturally, greater knowledge and experience over the 
years have been instrumental in determining specifi- 
cations as to composition and manufacture that result 
in great improvement in physical characteristics over 
those obtainable within the rather wide range of chemical 
content suggested above. 

When manganese, carbon and other elements are 
present in correct proportions, the average physical 
properties of cast manganese steel should be about as 
follows: 


OOO... 5... aan 125,000 Ib. 
I iia 0.00 vane Seki 50,000 Ib. 
NE Dn inn’ « ee cece 45% 
Reduction in area............ 40% 


Brinell hardness.............. 185 to 200 increasing 
to a maximum under 
cold-working of 550 on 
the working face of the 


casting. 


Manganese steel, while brittle in the cast state, after 
heat treatment and quenching, is in the austenitic state, 
which implies that the carbides are retained in solid 
solution. This gives the great toughness and the wear 
and shock-resisting properties for which this steel is 
noted above all others. The surface hardness at first 
is rather low, but the steel work-hardens rapidly and to 
a high degree, hereby acquiring a very hard surface 
(with ductile backing) that is maintained continuously 
with progressive wear. In one sense, the yield point is 
rather low, but, as the steel starts to stretch under stress, 
it immediately stiffens up rapidly. This increase in 


yield point is progressive almost to the ultimate strength 
of the steel, under repeated strain. The ability to build 
up a self-renewing hardness on the surface accounts for 
the extreme wear-resistance of manganese steel, while 
the presence of a tough ductile backing explains its re- 
sistance to shock. 

An instance of the value of the ductility or moderate 
flowing tendency in manganese steel is in its use for 
sheaves or pulleys operated by wire rope. The sheave 
groove, instead of breaking off in tiny splinters under 
pressure and wear, as is the case with other metals, 
takes on instead a glass-like polish. This means that 
the groove wears out more slowly and there are no metal 
particles to imbed themselves between the rope strands 
to cut them away. Wire rope used with manganese 
sheaves will last, conservatively, 25 per cent longer than 
with ordinary pulleys. 

Manganese steel, however, is not everlasting, and re- 
peated impact and abrasion will eventually wear the 
metal away, and likewise, overload and fatigue are oc- 
casionally responsible for fractures. 

In the not so distant past, the welding of manganese 
steel was looked upon with skepticism, and justly so, 
as the percentage of failures overbalanced the success- 
ful applications by a very large majority. 

It has been pointed out that the value of manganese 
steel is due primarily to its very great toughness and 
resistance to abrasion; however, these qualities are 
developed only as a result of heat treatment and quench- 
ing, inasmuch as the alloy, when heated and allowed to 
cool slowly, is so extremely brittle and weak as to be of 
little value. This peculiar property has rendered it 
difficult heretofore to weld broken manganese castings 
successfully. 

If common steel is used as a welding agent, the added 
material is deficient in tensile strength, ductility and wear 
resistance. If manganese steel welding rod of the con- 
ventional analysis is used, the result is usually worse in 
most respects, as the slow cooling of the added metal 
causes a partial transformation of the internal structure, 
making it so brittle that it often breaks due to cooling 
strains, and always under load or shock. Furthermore, 
the parent metal adjacent to the weld area usually under- 
goes the same transformation as the weld proper. 

The foregoing facts were recognized by the largest 
producer of manganese steel castings, and resulted in 
extensive research to develop a welding rod that would 
successfully weld manganese steel and at the same time 
possess the inherent qualities of heat-treated manganese 
steel. 

It was discovered that if 4'/, to 5% of nickel were added 
to the conventional manganese steel analysis, the diffi- 
culties encountered in welding could be wholly over- 
come owing to the fact that nickel, when present in 
these amounts, retards the phase transformation and 
prevents embrittlement on slow cooling by retaining the 
carbides in solution. This enables the production, even 
by comparatively unskilled workmen, of a weld which 
is equal to the parent metal in tensile strength, ductility, 
ability to work-harden under impact and abrasion re- 
sistance. 

Periodical tests have indicated that strength welds 
made on 12-14% manganese steel with our coated nickel 
manganese welding rod will consistently give the follow- 
ing values: 

Tensile strength — 105,000 Ib. per sq. in. 


Elongation 30% 
Cold bend 90° 


Recently a 2'/s-yard manganese steel bucket, which 
for the past eight years was subjected to extremely 
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severe dredging operation, was used in an attempt to 
remove a concrete pier that had not been satisfactorily 
disintegrated by blasting. This undue stress resulted 
in a total of 45 in. of crack developing in the front of the 
bucket. 

An order was immediately placed for a new bucket 
that would require about ten days for delivery; how- 
ever, being a penalty job, it was desirable that the 
damaged bucket be repaired and returned to service as 
soon as possible. Welding operations were started on 
Saturday morning and completed Sunday morning, re- 
quiring a total of twenty-six (26) hours, including prepa- 
ration. The bucket was returned to service and operated 
efficiently until delivery of the new bucket was obtained, 
at which time it was discovered that additional cracks 
had developed. However, they were far enough re- 
moved from the original welds to disclaim welding 
temperature as their cause. 

The following procedure was employed in making the 
foregoing weld and is also applicable when welding 
carbon steel to manganese steel: 

1. If the crack does not actually terminate in one of 
the rivets holes, a hole should be burned through the 
front where the crack does terminate, so as to prevent 
its further propagation. 

2. The fracture should first be prepared to receive the 
weld metal by creating with the cutting torch a single 
V all the way through, the top width of which should 
not exceed the thickness of the metal section being 
welded. After this V has been cut, it should be thor- 
oughly cleaned of scale, oxide and dirt by means of a 
grinding wheel and wire brush. 

3. Apply the rod with reverse polarity using 110 
amp. for 5/3. in. and 130 amp. for */, in., having refer- 
ence, of course, to the coated rods recommended for 
this type of welding. However, the condition of the 
meters and welding equipment may necessitate a change 
in this, and the welder can easily determine the most 
efficient welding heat to employ, bearing in mind that 
the minimum heat should be used that will give good 
fusion. 

4. The back-step method of welding is recommended 
and each step should not be more than 2 in. in length. 
It is essential that each bead or layer of metal be thor- 
oughly peened immediately on depositing and that each 
step should be completed to the full height of the V be- 
fore starting the next step. 

5. A reinforcement weld is permissible on the reverse 
side of the casting. This also should be thoroughly 
peened after welding is completed on the open V side. 

6. As an aid to determining that the welding heat is 
being kept to a minimum, it should be possible to place 
one’s hand on the part at least 6 in. from the weld at 
any time during the procedure. 

7. Quenching is not necessary in using the welding 
rod and, in fact, should be avoided because of possible 
damage to the parent metal. 

8. Of course, it is important to keep the welded 
beads clean by wire brushing at all times. 

Great economy can be effected throughout the steel 
industry by utilizing nickel manganese steel welding rods 
to build up to their original dimensions carbon steel, as 
well as manganese steel parts, that have been made 
useless owing to impact or abrasion. As regards carbon 
Steel, it is possible to obtain the desirable properties of 
manganese steel on the working areas, by merely build- 
ing up, with nickel manganese welding rods, the rela- 
tively inexpensive carbon steel parts such as coupling 
boxes, wabblers, crabs, table gears, etc. 


It may be well to point out that the building-up opera- 
tion can be made less expensive by welding to slightly 
higher than the required dimensions and peening with 
an air or hand hammer to the required shape or size. 
This procedure serves two purposes, in that in many 
instances it eliminates expensive machining, and also 
work-hardens the nickel manganese weld metal, thus en- 
abling it to resist initial service impact and abrasion 
more effectively. 

Nickel manganese welding rod plays a very important 
part in track work maintenance, as the application of 
this material is especially adaptable to either manganese 
or carbon steel. Many of the large railroads, as well 
as traction lines have, after exhaustive tests, established 
welding departments that specialize in this phase of 
reclamation. 

Instances can be pointed out where frogs and crossings 
that have been built up as much as 1'/, in., after two 
years service under heavy steel plant traffic, showed less 
than '/,-in. depression. The track work referred to was 
built up in place without any interruption of service, 
employing the following procedure: 

1. The casting to be welded should be ground to re- 
move all cracks, oxides and other imperfections detri- 
mental to good welding practice. In fact, a casting that 
has been in service, even though it shows no surface 
defects, should be ground down somewhat to get be- 
neath the work-hardened surface which, of course, is of 
a different metal structure than the original. 

2. The proper welding current to be used should be 
determined by testing on a part other than that which 
is being welded. The minimum current at which the 
electrode will flow and produce satisfactory penetra- 
tion should always be used. 

3. The surface to be built up should be divided into 
sections of approximately 1'/, in. square, and the amount 
of metal deposited at one time should be confined to 
this area. The deposited metal, while it still shows 
color, should be peened with an air hammer, starting 
at the point where the arc was broken and working 
back. The deposit should be hammered smooth, but 
it is important not to do this peening to excess—that 
is, to the point where the metal starts to flake, indi- 
cating that the deposit has reached the point of brittle- 
ness. 

4. The concentration of welding at one point on the 
casting tends to overheat it, and this excessive localized 
heat may have the effect of making the casting brittle. 
This can be avoided by distributing the pads of weld 
metal over the entire surface being welded, and also 
by changing from one casting to another from time to 
time. 

5. It is suggested that the second layer of weld 
metal be applied at right angles to the first layer. 

6. The weld metal should be kept clean at all times 
by the use of a wire brush. 

7. Cold shuts on the edges and thin sections of the 
part being welded can be avoided by using a smaller 
diameter rod. 

In closing, it may be well to state that the field for 
manganese steel is practically unlimited, and, in recog- 
nition of this, our company maintains a technical and 
engineering staff, as well as a modern physical and chem- 
ical laboratory, and will gladly cooperate with those 
having problems involving the use of manganese steel 
and the welding thereof. Supplementing this, the in- 
stallation of a complete X-ray laboratory in the near 
future will permit the closest supervision and investi- 
gation of foundry and welding techniques. 
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Peening or Caulking 
By’C. J. HOLSLAG 


+Mr. Holslag is connected with the Electric Arc Cutting 
and Welding Company. 


HE usefulness of peening, hammering and caulking 
is at last becoming known. 

Hammer annealing for Class 1 pressure vessels 
or pipe work or for any structural work requiring ab- 
sence of contracting stresses is becoming generally known 
and practiced. This process consists of forcing the de- 
posited metal, layer by layer, by hammering so it occupies 
the space that was arranged for it to fill. In other words, 
the weld metal put in at a high temperature contracts 
and would either draw the welded pieces together or 
stretch itself. Hammer annealing corrects this besides 
holding the original alignment and it also closes pores 
and makes the metal denser by the same methods used 
in forging blooms and rolling billets. 

In the early stages of welding in the United States 
peening with arc welding was used extensively but for 
a great many years thereafter it sort of fell into disuse 
because of a lack of understanding of its valuable proper- 
ties. For instance, all the old-time boiler workers and 
such manufacturers that used arc welding in boiler work 
know that stress-relief was obtained by caulking a weld 
and that better results could be had both as to removal 
of stresses and grain refinement by peening the metal 
together with layer deposits in a V’d-out section. An 
old boilermaker trick in welding was the rattling of the 
metal by a bobbing tool or similar means so that in the 
welding of a patch its cracking would be prevented. 
This old use, recognized now as grain refinement and 
stress-relief, has again become important in the welding 
of heavy sections such as steam boilers, air pressure 
vessels, oil refining equipment, etc., and a résumé of 
the best methods for using this method is not out of place 
although the system described will be ‘‘old”’ reading to 
many. 

Chipping is also very useful in cleaning welding. In 
fact, indispensable cleanliness is ahead of godliness in 
welding. For instance, in double grooved welds, the 
metal must be chipped from the opposite side before 
depositing the new first layer. Also, chipping of the 
slag or uneven portions of the weld of each finished layer 
is done among all firms who use the best method and they 
always used chipping for cleaning. 

A method of cutting which replaces chipping is the use 
of metal electrode with heavier current and this method 
is also used to anneal the weld deposit and adjacent 
parent zone without changing the grain structure of the 
parent metal. 

The ordinary boiler chipping hammer is the best tool 
and a dull chisel can be used although special ground 
tools shaped to fit the surface are better but not neces- 
sary. Air pressure hand caulking can be used too but an 
air hammer is better by far. Rather medium hard but 
not ‘‘forcing’’ blows should be used and in peening a weld, 
the same as caulking a riveted seam, a great deal of 
judgment must be used. For instance, if metal is actu- 
ally forced down into cavities and imperfections closed 
by this method, there is more harm than good done. The 
idea of peening is to relieve effects of contraction of the 
weld metal by these means: 


1. Forcing of the deposit to fill the original space and 
maintain the gap or vee dimensions. 

2. Stress-relief by grain refinement which might be 
described as settling into place of the molecules 
while under motion due to the hammering. 

3. Improvement of the metal by “‘working.’’ This 
effect is well known but of least importance on ac- 
count of the remelting of the deposit. 

4. Fourth, and very important effect, is the cleaning 
of the surface of slag or dross; and peening should 
be done so as not to include slag in succeeding 
layers or flow the metal by heavy or too many 
blows so as to fold over itself to cause faults. 


The cleaning of welds for subsequent layers is abso- 
lutely necessary but it has not always been so realized. 
Of course, in addition to peening and caulking there is 
sand blasting and other mechanical means of cleaning 
but probably the most popular is the chemically fluxed 
electrode which leaves only such dross that a hand or 
motor-driven brush can remove. 

To summarize the valuable uses of peening: 


1. Stress-relief by helping the molecules to settle 
in their ultimate position due apparently to the 
rattling action. 

The flowing of the metal in a direction opposite to 
the contraction strains of the weld. 

Working of the metal of the weld deposit. 
Cleaning of the weld surface and smoothing it into 
shape for perfect subsequent layer deposits. 
Bringing the welding pieces back into the exact 
dimensions (even to one thousandth of an inch) as 
is described in the rest of this chapter. 


- FS 


A separate but even greater use of peening or caulking 
is its use as applied to heavy section repairs. The 
specialist must,therefore, apply himself in order to re- 
main up-to-date. The electric arc method is generally 
selected primarily because of its flexibility and practi- 
cally unlimited application andeconomy. The particular 
purpose here is to call attention to what can honestly 
be called precision welding. When we say “precision,” 
we mean precisely that, not almost correct, but within 
two thousandths of aninch. It was not so long ago that 
even the machining of a large crank shaft to two thou- 
sandths of an inch tolerance was not an easy problem, 
especially when its assembled or complete weight was 
between five and seventy-five tons. Today, however, 
this is the standard tolerance and is lived up to by reli- 
able engine manufacturers. 

It is now possible, through the use of precision instru- 
ments that are capable of measuring the alignment of 
a shaft that is assembled in an engine frame and the 
electric arc process with peening, to repair or straighten 
a broken or twisted shaft or a broken casting to the same 
degree of strength and accuracy as that given it by the 
manufacturer. 

Not only can this be reached but errors in design can 
be corrected by welding. It can readily be understood that 
we cannot line up a piece of machinery any closer than 
its machined surface but the precision obtainable by the 
use of electric arc welding is practically infinite, there 
being no practical instrument capable of measuring the 
fineness of deflection obtainable through the use of elec- 
tric arc. We can, to a considerable degree, correct ma- 
chining faults in large machined pieces, even after con- 
siderable use and when age, with its normalizing influence, 
has caused a warpage or springing of the crank shaft, due 
to original tolerance at a very small cost of labor. When 
we say equal to the original tolerance, we do not meat 
in one particular measurement, but in all of them, 
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of which there are many on a multiple throw shaft. Its 
warped condition, after use and age, is produced by the 
natural tendency of the original forging strains to neutral- 
ize or equal one another. Asa result, a shaft that might 
have been machined to a tolerance of one thousandth of 
an inch may, in the course of time, even though it be 
kept in storage, incur a warpage of ten to fifteen thou- 
sandths. 

The classes of work coming under the head of precision 
jobs not only include crank shafts of steel but cast iron 
or cast steel as well and the term can be employed 
wherever a large mass of steel requires bending, straight- 
ening or twisting. The crank shaft may become twisted 
in various ways. It may be that the flywheel of an en- 
gine is suddenly stopped. The inertia is liable to twist 
the section between the flywheel and the crankthrow or 
counterbalance weights, or in another instance, the 
cylinder may, during the course of starting or stopping 
the engine, come up against a water head, and in that 
case the inertia of the flywheel would produce a ten- 
dency to twist the shaft. In multiple throw engines, 
we have on record cases of broken connecting rods or 
piston rods that caused sudden stopping of one particular 
throw and the momentum of the balance of the moving 
parts produced twisting in one or more places. This 
twisted condition can also be overcome by the electric 
arc, within certain limits, of course. 

Suppose a high-pressure cast-iron cylinder should have 
its whole flange broken off completely around the cylin- 
der, due to a broken or loosened piston rod or water head. 
Although a delicate problem, it is a practical undertak- 
ing to replace this flange on all cylinders over two feet 
in diameter and also to have all of its gaskets face toler- 
ance equal to the original. In undertaking work of this 
nature, a complete practical knowledge and understand- 
ing of expansion and contraction of metals is necessary. 
A technical knowledge is desirable but not a necessity. 
The operator or supervisor must thoroughly understand 
the use of precision instruments, some of which he must 
be capable ot devising himself to suit the individual prob- 
lem confronting him. The electric arc method is the 
only method that can be employed to a satisfactory de- 
gree and should be a direct current welding circuit. Low 
voltage is preferable due to its limiting the possibility of 
burned or porous metal caused by the long arc. The 
welding current should not exceed 150 amperes and 
should be well regulated so that it can be held constant 
at all times, regardless of the variations of the arc length 
due to the human element. Such control of the current 
means that, regardless of the area of the weld or puddle 
of molten metal under the arc, the heat per unit area of 
this puddle will be constant. 

The fracture, whether it lays directly in the crank pin, 
main shaft or web of a shaft, should be chipped off from 
the opposite sides, where possible. In a round section, 
it should be chipped to a point, leaving a V of approxi- 
mately 90 deg. between the two pieces when they are as- 
sembled. The metal should be thoroughly clean and 
free from carbon pockets or shrinkage cracks before at- 
tempting to weld. The two parts are then placed to- 
gether with the points of the V or chipped section in line 
with each other and with an opening between them of 
‘/s in. or more, so that complete fusion of the added 
metal with either side of the V may be obtained. 

The next step to be taken is the alignment of the work 
which, without question, is the most difficult problem 
encountered in the whole repair. Provision must be 
made in the original alignment for shrinkage of the metal 
in the primary weld taking the two pieces together. 
When this alignment has been completed and the con- 
hecting weld is made, check measurements should be 


taken from all angles. It is often found that the shrink 

age of the tacking weld is greater or less than anticipated 
and, within reasonable limits, such errors can be corrected 
by the use of a peen hammer to effect an expansion, or, 
if contraction is required not exceeding three or four 
thousandths of an inch, the application of one additional 
layer may give the desired results. In no case should a 
contraction be allowed to remain in more than two layers 
of the original connecting weld. When the error in 
alignment exceeds three or four thousandths in either 
direction, good practice makes it necessary to chip out 
or break through this original weld and then start over 
again. The operator may have to repeat this operation 
many times before an absolute zero point is obtained. 
When this has been accomplished, the difficult part of the 
job is past. 

The process from then on consists solely in the repeated 
application of single layers of metal on all sides of the 
weld. If desired, each layer may extend over the whole 
fractured surface. Shrinkage strains, which will be set 
up in each layer, are removed by the use of a peening tool. 
Additional metal must not be applied at any time until 
all shrinkage of the metal already deposited has been 
relieved, so that all indicators reach zero. It is advis- 
able during the application of a layer, to occasionally 
watch the indicators to acquaint oneself with the location 
and the amount of the actual stresses. By continued 
observation of the micrometers along the welding, a 
perfect understanding of contraction can be obtained. 
This same observation is advisable during the peening 
process so that the operator may familiarize himself with 
the actual amount of peening required to effect a neutral 
weld. The understanding of contraction and expansion, 
as above outlined, will, in the course of a short time, en- 
able the operator to estimate very closely the amount of 
peening necessary on work where the use of precision 
instruments is not practical and should prove a very 
valuable asset to any operator. 

The extent of contraction varies considerably and 
usually is in direct proportion to the variation in carbon 
in the electrode metal. As is readily understood, con- 
traction stresses set up by a hard, high carbon metal will 
produce more of a deflection or shrinkage than those of a 
soft metal, and the hard metal also requires an additional 
amount of peening to accomplish the neutralization. 
Any deflection sideways in the welding of the crank shaft 
may also be corrected by peening. It is absolutely es- 
sential that no more than one layer be applied over the 
entire surface of any precision weld before peening. It 
is definitely proved that the expansion produced by the 
miniature forging blows of a pneumatic hammer do not 
forge the metal any deeper than '/, in. 

The expansion of a second layer on top of a layer, that 
has been applied without peening, will merely create ad- 
ditional tensile stress severe enough to probably cause an 
invisible fracture in the underlying layer. There are also 
times when, due to the thickness of a layer, along with its 
hardness from the use of a particularly hard metal, the 
contraction stresses cannot be relieved until continued 
peening has flaked off a certain amount of this surface 
of the weld. It is a fact that when a thin layer of white 
hot metal is homogeneously applied to colder metal, it 
sets up tremendous strains and when applied with a 
thorough knowledge, can be used to accomplish desired 
distortions in large steel sections that cannot be obtained 
in any other manner. It is also acknowledged that this 
thin layer of metal, which has tied up in itself thousands 
of pounds of pull created by contraction, can readily be 
normalized or expanded to a normal condition by the 
means of the forging effect of a peening hammer. Layer 
upon layer may be applied and treated with micrometers 
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or indicators as gages with absolute confidence, so that, if 
carefully and accurately done, the finished mass of metal 
will absolutely be normal or neutral with neither expan- 
sion or contraction stresses, thus doing away with the 
necessity for annealing. 

There is also good reason to believe that the forging 
effect of a hammer increases ductility and tensile strength 
of the metal in the same manner as the forging of steel. 
The full value of the peening process might be compared 
very favorably with the steel forging, inasmuch that it 
flattens out the individual grains of metal and produces 
amalgamation between these grains, that is lacking in 
the original weld. It is definitely known that a grain of 
pure steel is surrounded by a shell of impurities. In the 
event of a fracture, it will follow the line of impurities 
between each grain and does not have to break through 
the center, which is the pure steel. By peening or forg- 
ing, this grain is so flattened that it takes on an over- 
lapping layer effect and the fracture has to make its 
way through layer after layer of pure steel. 

Not only does the peening produce an increased 
strength, but it makes possible a neutral weld and also 
the process of obtaining precision welding. 

When it comes to cast-iron welding, the welding world, 
as a whole, is more or less under the impression that stud- 
ding of the welded areas is absolutely essential as a safety 
factor. In reality, where studs are applied without the 
peening process, they merely help to strengthen a faulty 
weld. We do not disapprove of studding as we have 
determined that it is an advantage even when employed 
in a neutralized or peened weld, inasmuch as it anchors 
the contraction of the original bounding layer and permits 
a greater area of metal to be welded before peening, 
without danger of contraction becoming great enough to 
effect a fracture through the thin layer of chilled cast 
iron directly under the juncture line. We have, in a 
number of cases where we have had ample time to com- 
plete a job, welded cast iron entirely without studs, but 
when this process is followed, it is necessary to peen 
every square inch of the metal as it is applied. If this 
is not done, the strains set up parallel with the weld 
will be great enough to fracture at the puncture line. 
We have proved through numerous tests that the section 
which usually cracks directly under the chilled area is of 
higher tensile strength than the actual cast iron itself, 
but the shearing strains set up at this point, due to the 
tremendous amount of contracting, are great enough to 
produce a fracture, even though it had a tensile strength 
of three or four times the original casting. In cases 
where we have followed out the peening theory of one 
inch at a time, we have accomplished very successful 
welds without the use of studs, having a parting strength 
greater than the iron itself. 

In making the above statements, it is naturally as- 
sumed that the correct welding material is used and on 
cast iron; there is no one or two welding wires that will 
satisfactorily fuse with every piece of cast iron. We 
might also add that the welding rod is, without question, 
a very important item and should be given as much con- 
sideration as the operator or the machine. In fact, suc- 
cessful welding may be divided into three parts of very 
nearly equal importance: the operator, the machine and 
the wire. Very often it is found that with the very 
best of equipment welding results are not satisfactory 
due to the use of an inferior welding electrode. In an- 
other instance, the electrode and material may be of 
first-class quality and the operator is not of the interested 
and progressive type. 

In stock today are carried possibly six or seven different 
grades of wire for use on cast iron and it is usually pos- 
sible to find one among this assortment that successfully 


gives a perfect fusion with cast iron. Castings that are 
older than 20 years have been found in several cases to 
contain a considerable excess of phosphorus or sulphur. 
At times, it requires considerable experimenting to pro- 
duce a counteracting chemical to overcome the detri- 
mental effects of an excess of phosphorus or sulphur. 

When one stops and really figures out the tremendous 
shrinkage strains set up in a cast-iron weld having a cross 
section of five inches or more and it is realized that most 
such welds have been made without provision for re- 
lieving the strains, one is not surprised that the welding 
of cast iron has not generally met with commercial suc- 
cess. 

No longer need haphazard methods nor imperfect 
welds be tolerated. It is now possible to surround any 
emergency with a cooperative effort based on many 
years of actual welding and engineering experience. 
An enormous variety of undertakings have been en- 
countered and mastered under every condition that 
could be conceived. 
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vol. 60, no. 2, pp. 185-205. Experimental study at Lehigh Uni- 
versity on web failure of rolled sections and sections made from 
plates by means of arc welding; all beams gave indication of 
initial failure due to shear; shearing stresses developed in web, 
rather than buckling, determine usefulness of beam for depth- 
thickness ratios of 70 or less; buckling of web might occur at depth- 
thickness ratio of 80. 

Boiler Manufacture. 
ceivers, C. H. Davy. 
p. 122. 

Bridges, Steel Truss. Design and Construction of Arc Welded 
Truss Bridge at Kimberley, Tasmania, R.C. Sharp. Instn. Engrs. 
Australia J. (Jan. 1934), vol. 6, no. 1, pp. 3-10. Features of 3- 
span highway bridge 220 ft. long; cost analysis; liability to buck- 
ling of top chord of open type through truss; detail of rocker 
bearing. Appendix by A. Burn and G. D. Balsille. 

Car Wheels. Improved Wheel-Set Welding Plant. AEG 
Progress, no. 4, 1933, p. 72. Short illustrated description of auto- 
matic wheel set arc-welding; plant recently developed by AEG. 

Chemical Equipment. Repair of Chemical Manufacturing Plant 
by Scientific Welding, C. W. Brett. Soc. Chem. Industry J. 
(Chem. & Industry) (Feb. 9, 1934), vol. 53, no. 6, pp. 123-125. 
Welding of monel metal; corrosion defects cured by welding; weld- 
ing aluminum containers; repairs to refrigeration apparatus; 
vital welding repairs for public services, etc; restoration of worn 
parts; repairs to plant used in molding plastic materials. 

Copper Welding. Welding Copper for Chemical and Allied 
Industries, W. Froelich. Can. Chem. & Met. (Jan. 1934), vol. 
18, no. 1, pp. 13-15. Weldability of copper depends upon cuprous 
oxide content of material welded; important factors in welding 


Making Chevrolet’s Knee-Action Units, 
Iron Age (Mar. 1, 1934), vol. 133, no. 9, pp 


Full Spoke Unit for Welded Wheel Drawn 
Steel (Mar. 5, 1934), vol. 94, no. 10, pp 


Welded Boiler Drums and Steam Re- 
Engineer (Feb. 2, 1934), vol. 157, no. 4073, 
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are high thermal conductivity, preheating procedure, welding rod 
constituents, welding rod requirements, fluxes and welding flame; 
welding technique; application of fluxes; finishing treatment; 
annealing. 

Cutting Tools. Welding Cutter Tips to Tool Shanks, J. M. 
Highducheck. Machy. (NY) (Feb. 1934), vol. 40, no. 6 pp. 341- 
342. 

Design and Aesthetics of Assemblies Using Welding, R. E. 
Kinkead. Metal Progress (Feb. 1934), vol. 25, no. 2, pp. 34-37 
and 52. 

Electric Welding. Advantages of Welding, K. Liedloff. Eng. 
Progress (Jan. 1934), vol. 15, no. 1, pp. 9-12. 

Electric Arc Welding. Elecn. (Jan. 26, 1934), vol. 112, no. 
2904, pp. 107-108. Review of development of high-speed welding 
during 1933. 

Lessons in Arc Welding. Boiler Maker & Plate Fabricator. 
(Feb. 1934), vol. 34, no. 2, pp. 46-48. 

Electric Welding. Developments in Automatic Arc Welding 
Machy. (Lond) (Jan. 11, 1934), vol. 43, no. 1109, pp. 435-440. 
Fields of application for metallic and carbon are welding; prevent- 
ing carburization of welds; cost of welding by carbon and metallic 
are processes; controlling arc stability; Arcatom and Arcogen 
processes; use of covered electrodes; Agil alloying method of 
welding; a-c arc welding; advantages of automatic welding; Sie- 
mens-Schuckert automatic arc welder; AEG longitudinal seam 
welder. 

Electric Welding, Resistance. Fastenings Where Spot Welds 
Are Cheapest, F. A. Westbrook. Elec. Mfg. (Feb. 1934), vol. 13, 
no. 2, pp. 22-23.. Practice of Cole Electric Products Co. cited; 
spot welding is used to secure seams of metal boxes, to attach 
bosses and reinforcements, hinges, catches and great variety of 
parts; good man can easily make 30 welds per min. on power 
operated machine. 

Heavy Welding for Boulder Dam, C. H. Jennings. Metal 
Progress (Mar. 1934), vol. 25, no. 3, pp. 30-34. 

Electric Welding Machines. Portable Diesel Welding Plant. 
Ry. Gaz. (Feb. 23, 1934), vol. 60, no. 8, pp. 301-302. 

Fusion Welding, W. D. Walcott. Hydro-Elec. Power Com- 
mission Ontario—Bull. (Jan. 1934), vol. 31, no. 1, pp. 21-24. 
Definition of fusion welding; methods most commonly used are: 
oxycetylene, electric arc and atomic hydrogen; details of method. 

Machines. Developments in Electrical Spot Welding Ma- 
chines. AEG Progress, 1933, no. 4, pp. 70-71. 

Machine Shop. Small All-Welded Machine Shop, C. Helsby. 
Machy. Market (Mar. 2, 1934), no. 1739, pp. 171-172 and (Mar. 
9), no. 1740, pp. 193-194. 

Metals. Improvements in Vacuum Fusion Method for De- 


termination of Gases in Metals, L. Reeve. Am. Inst. Min. & Met. 
Engrs. Contrib. (Oct. 1933), no. 56, 21 pp. Description of im- 
provements introduced in methods of determining gas content 
of metals, with particular reference to steel specimens examined 
in investigation of properties of electric arc welds carried out in 
laboratories of A. O. Smith Corp.; results quoted must be taken 
only as illustrating these methods. 

Monel Metal. Welding of Monel Metal and Nickel. Metal 
Industry (Lond.) (Jan. 26, 1934), vol. 44, no. 4, pp. 116-118 and 
(Feb. 2) no. 5, pp. 139-140. 

Oil Tanks. Safe Welding Practice, H. L. Whittemore. Eng 
News-Rec. (Feb. 15, 1934), vol. 112, no. 7, p. 237. Discussion of 
paper entitled ‘“‘Calking Stressed Welded Joints Caused Oil-Tank 
Failure,”’ indexed in Engineering Index 1933 from issue of Dec 
14, 1933. 

Oxy-Gas Cutting. Flame Cutting of Steel for Welded Joints, 
E. J. Clarke. Instn. Engrs. & Shipbldrs. in Scotland—Tran 
(Dec. 1933), vol. 77, pt. 11, pp. 13-39; discussion, 40-53. Design 
and calculation of strength of joints; preparation of joints; re 
sults of experiments in connection with usefulness of flame cutting 
in preparation of joints in steel work, to ascertain effect upon 
steel of flame cutting by oxyacetylene and oxy-coal gas as compared 
with machine sawing; how these various methods of cutting affect 
welds made on steel so prepared. 

Pipe Lines. Steel-Piping in Mining Districts, W. Diederich 
Indian Eng. (Nov. 11, 1933), vol. 94, no. 20, pp. 400-404 

Pipe, Steel. Navy Boiler Drum Practice Used for Fusion 
Welded Pipe, Mar. Eng. & Shipg. Age (Feb. 1934), vol. 39, no. 2, 
pp. 52-55. 

Shipbuilding. Electric Welded Ship, Peter G. Campbell, N. M. 
Hunter. Mar. News. (Feb. 1934), vol. 20, no. 9, pp. 30-35 

Stresses. Consideration of Stresses Occurring in Welded 
Joints, E. Chapman. Mar. Eng. & Shipg. Age (Jan. 1934), vol 
39, no. 1, pp. 4-6 and 14; see also Mar. Rev. (Jan. 1934), vol. 64, 
no. 1, pp. 15-18 and (Feb.) no. 2, pp 19-20. 

Stresses in Welded Structures, E. Chapman. Ry. Mech. Engr. 
(Feb. 1934), vol. 108, no. 2, pp. 50-53. 

Testing. Simple Tests for Arc-Welded Joints, A. M. Roberts 
Engineering (Feb. 2, 1934), vol. 137, no. 3551, pp. 112-116. Dis 
cussion of drilled-notch form of tei:sile specimen and bend test; 
cost and time of machining drilled-notch specimens is less than 
one-tenth of that of other forms of specimens investigated; results 
of experimental research at Research Department of Metropolitan 
Vickers Electrical Co. 

Water Pipe-Lines. Pasadena Pipe-Line Nears Completion 
Western City (Feb. 1934), vol. 10, no. 2, pp. 12-15. Constructions 
of steel-welded water pipe-line, 36 in. diam. 18.5 mi. long; pipe 
fabrication and laying. 





(Continued from page 3) 
Lukenweld Elects 


rector of Engineering and Research, has 
been elected Vice-President. Lukenweld, 


in scope and contents. It contains over 
450 pages with several hundred illustra 





Chapman Vice-President 


Everett Chapman, who joined Luken- 
weld, Inc., division of Lukens Steel Com- 
pany, Coatesville, Pa., early in 1930 as Di- 


Inc. is engaged in the design and manufac- 
ture of welded steel assemblies for ma- 
chinery and equipment. 

After graduation in 1924 from the Uni- 
versity of Michigan, with a Master’s de- 
gree in physics, Mr. Chapman taught elec- 
trical engineering at Purdue University, 
leaving to serve the Lincoln Electric Com- 
pany of Cleveland, on experimental re- 
search and development. 

Since joining Lukenweld, Inc., Mr 
Chapman has been credited with responsi 
bility for that organization’s engineering 
achievements in the application of welded 
steel construction to Diesel engines, presses, 
planers, lathes, and other machinery and 
equipment. Members of the Society wish 
Mr. Chapman success in his new posit.on 


Welding Handbook Reissued in 


Enlarged Form by Lincoln 


A revised and enlarged edition of 
“Procedure Handbook of Arc Welding 
Design and Practice’ is announced by 
The Lincloln Electric Company, Cleve- 
land, Ohio. The book has been reissued 
because of the demand which exhausted 
the original issue published last Fall. 

The new volume is greatly enlarged 


tions. The eight principal sections deal 
with various phases of arc welding in a 
simple, concise manner, well illustrated 
with detailed drawings and photographs 
Taken together, they cover practically 
every use and application of arc welding 
Among the many additional features 
which have been included in the new 
edition are the following: weld inspection 
(visual, stethoscopic, electro-magnetic, 
X-ray and Gamma ray); study of stress 
distribution by means of polarized light; 
a simplified method for the design of arc 
welded machinery; procedure and speeds 
for arc welding aluminum; technique 
and speeds for welding of copper; con- 
construction of welded water lines, etc 


Change in Filler Metal 
Specifications 


Attention is called to the fact that in 
the tentative Specifications for Filler 
Metal Bulletin No. 2 of the American 
WELDING Society revised June 1, 1933, 
A.S. T. M. Specification A-140 is called for 
as base metal to be used for conducting 
the tests. This specification has been re- 
placed by A7-33T Building Steel and A9- 
33T Mild Steel Plate 
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“SEEMS TO ME, LAD, | 
ALMOST ALL WELDED 
STRUCTURAL JOBS WE 
SEE, ARE SHIELDED 
ARC WELDED WITH 
















LINCOLN EQUIPMENT” 


“SHIELDED ARC 
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“THAT’S BECAUSE, 
POP, IT PRODUCES 
BETTER WELDS AND 
DOES IT FASTER” 
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WELDS CAISSON CUTTING EDGES FOR 
SAN FRANCISCO-OAKLAND BRIDGE 


More than 400,000 lineal feet of welds, produced by 
the shielded arc process with Lincoln “Fleetweld” 
electrodes, are contained in the seven caisson cutting 
edges recently completed for the piers of the San Fran- 
cisco-Oakland bridge. By using Lincoln “Fleetweld” 
electrodes the builders of these caisson cutting edges 


were able to more than satisfy the minimum require- 


] 











ments of 65,000 Ibs. per sq. in. tensile strength and 
ductility of 18% elongation in two inches, for all welds 
made in flat, vertical or overhead positions. 

Welds produced by Lincoln “Fleetweld” electrodes 
and “Shield-Arc” welders also have greater resistance 
to fatigue, impact and corrosion than mild steel. It’s 
these high values plus the faster welding speed of 


Lincoln equipment that make its use most economical. 





Our Advertisers Are Supporting the Society 











